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Figure 23. Decision diagram for oxygen balance

GRIND
This block calculates the power requirement (in K@&)grinding the biomass from the chop size
12 mm to final size of 6 mm. This power requireingaia is found in Mani, et and for 12%

exiting moisture. The correlation has changed feopolynomial regression (which Mani, et al. us
to a power regression because the power regrefiisiba data better is in millimeters

(egn. 34)

HUMIDITY
This block sets humidity of the air entering the 8eparation Uni
HV-101, HV-203, HV-445

This block calculates the lower and higher heawimiges of the following streams: biomass, syn
and FT products.

MOISTURE

Thisblock is the same as found in the HT scen
02COMB

This block is the same as found in the HT scer

O2TURB
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This block is the same as found in the HT scenario.
OXYSET

This block sets the entering oxidizing agents, oxygen and steam, into fiter gdslinear correlation
with temperaturel ., (in Fahrenheit), adapted from Bain for oxygen is used because as oxygen

increases in the gasifier the temperature increases. Massffowgenng, 445 , iS In percentage
of dry feedstock.

Moz,gas = (—11.567 + 0.02375 - Tygs) /100 - Mpiomass (eqn. 35)

The steam feed rate is set at 0.66 Ib steam per Ib oxygen.
msteam,gas = 0.66 mOZ,gas (eqgn. 36)

Since 95% purity oxygen is produced in the Air Separation Unit, argon mass féevat 5% of
molar oxygen flow.

mOZ,gas

egn. 1

Mgrgon = 0.05 - (

C.4 Aspen Plus™ Design Specifications

C.4.1High Temperature Scenario

DS1

The exiting temperature of air in the heat exchanger used to pre-caeal #mering the cryogenic
distillation column is varied until a net duty of zero is observed.

FSSPL02

This design specification varies the fraction of unconverted sythgass piped to area 200 for the
combustion of syngas. The syngas, in turn, provides the heat required to dontheshi

H2SPLIT

This design spec calculates the required hydrogen that needs tervedds/ the PSA unit for use in
Area 500: Hydrocracking. A typical yield from hydrocracking is shown in the taddbw. Since the
FT products are be hydrogen deficient relative to the final blend, thke-op hydrogen is required.
The syngas purge amount going to the pressure swing adsorption (PSA) umgtdsedhat the
calculated delivered hydrogen matches the required hydrogen to Area 500. \&hibwirtg the
detailed calculations, the basic steps are first calculatingatherc and hydrogen content in the FT
product stream. The carbon mass flow is the same as that of the finadtbézmd flow. Using the
blend fractions in Table 38, the amount of hydrogen is calculated im#idlend and the difference



92

in hydrogen is determined. The difference is multiplied by 1.1 to obtain the ddliwateogen mass
flow rate to hydrocracking area.

Table 38. Hydroprocessing product blend

Component Mass Fraction
Fuel Gas (methane) 0.034

LPG (propane) 0.088
Gasoline (n-octane) 0.261

Diesel (n-hexadecane) 0.617

02-101, 02-203, 02-445

These design specifications vary the amount of oxygen inlet to thengl&&tiue blocks (HV-101,
HV-203, HV-445) so as to be stoichiometric in the combustion of the duplicaaenstre

02-SULF

This design specification varies the amount of oxygen into the LO-CATzexidnit to fully oxidize
the H2S into solid sulfur.

SGSTEMP
The temperature of operation in the sour water-gas-shift reactariés! until the exiting equilibrium

molar ratio of H/CO is just above the optimal FT ratio (2.1). A small amount of hydrogen is
captured in the PSA unit bringing that ratio down to the optimum for FT sysithesi

C.4.2Low Temperature scenario

DS1

This design specification is the same as HT scenario.

H2SPLIT

This design specification is the same as HT scenario.

02-101, 02-203, O2-445

These design specifications are the same as in the HT scenatrio.

02-SULF

This design specification is the same as HT scenario.

STMRECOV

Heat can be recovered from the combustion of syngas and char. This apecifiaries the steam

flow rate (stream 280) to bring the combustion flue gas (stream 252) down to 200&avi
exchanging.
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WGSTEMP

The temperature of operation in the water-gas-shift reactor isivanté the exiting equilibrium
molar ratio of H/CO is just above the optimal FT ratio (2.1). A small amount of hydrogen is
captured in the PSA unit bringing that ratio down to the optimum for FT sysithesi
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C.5 Detailed Calculations

ASPEN Model Calculations and Notes

Outline Defining Units
Plant Input 2
P MJ = 10 MMcf = 10%%°
Plant Output
Carbon Efficiency to Fuels kPa:= 16’-Pz Cp:= 100poise
Energy Content kg
FT Reaction Conversion Solver Pwater= 1000—3 MW =18.0230
m H20 mol
Equipment Sizing 5
Dryer kmol:= 1006no MMBTU :=10"BTU
Lock hoppers kmol MJ
PP Ibmol = = HHVgtgyep i= 17.65-—
Slag/Char Collection 2.2 kg
PSA Unit BTU
bbl := 427 HHVggoyer = 7-588« 10——
Fuel Storage
LT Gasifier Cost k k Ib
pgas'=737.222 100~2 = 6.243—
FT Reactor Cost e m #3
Acid Gas Removal Area Cost kg
A500 Hydroprocessing Area Cost Pdiesel= 840_3 therm:= 10000BTU
m
Reactors and Catalysts
Natural Gas Utility Usage MMgal = 1OGga dekatherm= 1fhern
kJ:= 1000 Pref = latm
bpsd = 42gal Tref = 29K
day
pJ:= 10°: GJ:= 10:



Plant Input
Biomass
tonne
Mdot_biomass™= 2000—day Availability := 310day
Elemental Composition
_ . agm
Carbon FraCC_biomass: 0.472 MW C= 1201@
gm
Oxygen Fraqy piomass= 0-406 MW g :=16.
gm
Hydrogen Fragy piomass= 0-050 MWy := L.0E
— mo
Sulfur F =0.002 MW ¢ =32 Oﬂ
a5 piomass= s=oe
Nitrogen Fragy piomass= 0-00 MWy = 14.02"
— mo
Ash Fraca piomass= 0-060
Elemental Mass Flow
. tonne
Mdot_C_in‘= Mdot_biomassF @€ _biomass Mdot_C_in= 9456 day
. tonne
Mdot_O_in = Mdot_biomass 3% _biomass Mdot_O_jn= 8126 day
tonne
Mdot H_in*= Mdot_biomassT"@H_biomass Myot H_in = 101.2 day
. tonne
Myot_S in*= Mdot_biomass™ 3% biomass Myot_S_in= 44 day
. tonne
Mdot_N_in = Mdot_biomass"@N_biomass Mot N_in = 16 day
tonne

Myot A _in = Mdot_biomassT 8% biomass

= 120
Mdot_A_in day

Load:= 7446
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Elemental Mole Flow

Ndot_C in:%
- C
Ndot_O in::%
- (@]
Ndot H_in*= WH,;LT/H_in
- H
Ndot_S in:%
- S
Ndot_N_in = md';z/_vN_in
- N

Biomass Moisture

moistin =0.2! moistdried =0.1(

MOiStin-Myot_biomass

1- moisi;n

Mdot_moist_in =

MOislyried Mot_biomass

1 - Moisyried

Mdot_moist_dried™

100—
m

. kg
P bulk_stover= 3
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ol
Ndot.C. in= 911.27&52—

ol
Ndot 0. in= 587.81éns—

Ndot H_jn = 1160 S

Ndot_S_jn=1.588 S

onne
it in = 066.66
Mdot_moist_in day

tonne

; iq= 222.222——
Mdot_moist_dried day

Source: Kaliyan and Morey, 2005 for 0.66-0.8 mm sized particles



HT Gasifier Steam/Oxygen addition Source: Probstein and Hicks, 2006

Stoichiometric/thermoneutral requirement for synthesis gas according to following equation:
1.34C + 0.34 O2 + H20 --> 0.34C02 + CO + H2

Oxygen to Carbon: 0.25
Steam to Carbon : 0.75

tonne
Mdot_02_in*= 0-3% Myot_piomass Mdot_02_in= 700Tay
Mdot_02_in ol
"dot_02_in" o Ndot_02_in= 253.18é“s—
, ~ Ndot_02_in _
Ratiggp o c=—— Ratioy, 1o c=0.278
Ndot_C_in — -

Steam addition ratio is then three times that of Oxygen minus the moisture in the biomass

Mdot_moist_dried
MW 20

, ol
Ngot_H20_in=3Ratiy2_to_cMdot_C_in~ Ndot_H20_in= 616.81%“?

Myot_H20_in*="dot_H20_inMW Hoc Mot H20 in= 960——
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Plant Output

HT Fuel production

tonne
Mdot_gasHT = 11278@
_ Mdot_gasHT
Vdot_gasHT=—_
Pgas
gal
Vdot_gasHT = 40413@
bbl
Vdot_gasHT = 962@

Vdot_gasoline_per_yeai~ Vdot_gasHT L0ac

Vdot_diesel_per_year= Vdot_dieselHT-0ad

LT Fuel production

tonne

Mdot_gasLT = 87'12Tay

~ Mdot_gasLT
Vdot gasLT=— _
Pgas

gal
Vdot_gasLT = 31218 —

day

bbl
Vdot_gasLT = 743?&)/

Vdot_gasoline_per_yearLT= Vdot_gasLTL0a¢

Vdot_diesel_per yearLT= Vdot_dieselLTL0ad

tonne

i = 266.5—
Mdot_dieselHT day

_ Mdot_dieselHT
Vdot_dieselHT=— .
P diesel

gal
Vdot_dieselHT = 83812—

day

bbl
Vdot_dieselHT = 1996 —

day

Vdot_gasoline_per_year 12-538MMgal

Vdot_diesel_per_year~ 26-003MMgal

tonne
Mdot_dieselLT= 205-8‘5@
_ Mdot_dieselLT
Vdot_dieselLT= — _
Pdiesel
gal
Vdot_dieselLT~ 64741@
bbl
Vdot_dieselLT = 1541?ay

Vdot_gasoline_per_yearLT 9-685MMgal

Vdot_diesel_per_yearLT= 20-086MMgal
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Carbon Efficiency to Fuels

HT scenario
Gasoline Carbon

_112789M€ o120t - 0.841
Mdot_gasHT = 114 day 'atc_gasoline™ 515 01+ 181.01 'ac_gasoline™ Y-

tonne
Mdot_C_gasHT= F"a%¢_gasoline™dot_gasHT Mdot_C_gasHT= 94'835_day
Diesel Carbon
tonne
; = 266.5——
Mdot_dieselHT day
16 12.01
Fra ; = Fra ; =0.848
C_diesel™ 16715 01 341.01 C_diesel
_ tonne
Mdot_C_dieselHT= F'a%C_dieselMdot_dieselHT Mot_C_dieselHT= 226-09 = ay
Mdot_C_outHT= Mdot_C_gasHT Mdot_C_dieselHT
tonne Mdot_C_outHT
Mot C_outHT = 320.931+— C_effHT:= ——————— C_effHT = 0.339

day Mdot_C_in
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LT scenario

Gasoline Carbon

tonne
=87.12——
Mdot_gasLT day
: tonne
Mdot_C_gasLT= Fra%_gasolineMdot_gasLT Mdot_C_gasLT= 73.258E
Diesel Carbon
tonne
i = 205.86——
Mdot_dieselLT day
: tonne
Mdot_C_dieselLT= F1a%_diesel™dot_dieselL T Mdot_C_dieselLT= 174549@
ot_C_outLT = "dot_C_gas ot_C_diese
Mdot_C_outLT = Mdot_C_gasLT™ Mdot_C_dieselLT
tonne Mdot_C_outLT
Mdot C_outLT = 247-908—d C efflTi= —="=—r " C_effLT= 0.262
o &y Mdot_C_in

100
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Energy Content

This section aquires the energy content (on a LHV basis) from the Aspen data and converts to
megawatts for use in developing an energy balance

Biomass
J
Eniomass™= 140031% Epiomass= 388-976MW
Fuel
MJ
EfuelHT = 695598 — EryelnT = 193.222MW
. MJ
BfuelL T = 539292 = EryelLT = 149.803VW
Char/Tar
. MJ
Behar_LT=87792 - Echar LT= 24.387MW
. MJ
Brar_7= 16986~ Etar LT=4717MW
Raw Syngas
. M
Frawsyngas_HT™= 123071 hr Erawsyngas_HT= 341.864MW
J
Erawsyngas_LT*= 964054\:7 Erawsyngas_LT= 267.793MW

Energy loss across the gasifier

Energy lost across the gasifier is calculated as difference in energy in the biomass and energy
in the raw syngas and char (only in LT scenario)

Egasifierloss_HT*= Epiomass~ Erawsyngas_HT Eyasifierloss_HT= 47-111IMW

Eyasifierloss_LT= Ebiomass ™~ Frawsyngas_LT~ Fchar_L1 Egasifierloss_LT= 96.796MW
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Unconverted Syngas used in A600 Power Generation

MJ
EsyngasAeo0_HT= 129332 -

MJ
EsyngasA600_LT= 109708?

EsyngasA600_HT= 35.926MW

EsyngasAGOO_LT: 30.474MW

Fuel Gas from A500 used in A600 Power Generation

J
Bruelgas HT= 104114%

MJ
Bfuelgas LT= 80718?

Fischer-Tropsch product

J
ErTliquids_HT = 78289‘1::7

MJ
BrTliquids_LT = 60680% =
Electricity Generated

BelecgenouT_HT= 48.59MW

Net Electricity (exported)

Eelecnet_HT:: 13.8uw

Power Generation loss

Efuelgas_HT: 28.921IMW

Euelgas_LT= 22422MW

BrTliquids_HT = 217-47IMW

ErTliquids_LT = 168.556MW

EelecgenouT_LT= 40-73MW

Eelecnet_LT:: 16.3mw

The loss is the difference between electric generation out and the gas energy in

EA6OOIosses_HT:: EsyngasAGOO_HTJr Efuelgas_HT_ EelecgenOUT_HT

Ea600l0sses HT= 16-296MW

EA6OOIosses_LT:: EsyngasAGOO_LTJr Efuelgas_LT_ EelecgenOUT_LT

Ea600l0sses_LT= 12.166MW
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Loss across FT reactor

J
EFTreactorIosses_HT: 22673% EFTreactorIosses_HT: 62.983MW
_ MJ
ErTreactorlosses_LT= 175128? ErTreactorlosses_LT= 48.647TMW

Unconverted Syngas used for biomass drying

Only in HT scenario

MJ
Ehiomass_drying_HT= 24663 Epiomass_drying_HT= 6-851MW



104
Fischer-Tropsch Reaction Conversion Solver

This section solves for the reaction fractional conversion for each reaction in the Fischer-
Tropsch reactor. A set of equations is developed and solved. The resulting € values (g1 - £€30)
are used directly in the Aspen Plus conversion reactor block. The reactions in the reactor block
are defined as molar extent.

Depending on the alpha chain growth probability, the reactor forms different product
composition.

Step 1: choose the expected alpha chain growth value
GFT =0.¢

Step 2: using the a7 chain growth, the mole fraction of each hydrocarbon in the FT product is
calculated.

M1 := ocFTl_1~(l - o) M1 =0.1 Mili=app 1.(1 - opy) M11=0.035
M2 := aFTZ_l-(l - o) M2 = 0.09 M12:=apy o 1-(1 ~apy) M12=0031
M3 := aFT3_1~(l - apT) M3 = 0.081 M13:= o 1.(1 -~ opy) M13=0.028
M4 := ocFT4_1-(1 - o) M4 = 0.073 M1d:=opg 1-(1 —apy) M14=0.025
M5 := ocFT5_1~(l - agT) M5 = 0.066 M15 = aFTlfr 1.(1 —apy) M15=0023
M6 := ocFTS_l-(l - o) M6 = 0.059 M16:=apy 1-(1 - opy) M16=0021
M7 := ocFT7_1~(l - apT) M7 = 0.053 M17:=app 1.(1 - opy) MI17=0019
M8 := ocFTS_l-(l - o) M8 = 0.048 M18:=apr 1-(1 ~apr) MI18=0.017
M9 = aFT9_1~(1 - apT) M9 = 0.043 M19:=apr 1-(1 -~ opy)  M19=0.015
M10 ;:aFTl(H-(l— apr)  M10=0.039 M20 ::chTZO_l-(l— apy) M20=0014

All hydrocarbons greater than C20 make up the balance and modeled using C30.

M30:=1-( M1+ M2+ M3 + M4 + M5 + M6 + M7 + M8 + M9 + M10 ...
+M11 + M12 + M13 + M14 + M15 + M16 + M17 + M18 + M19 + M20

M30 = 0.122
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Step 3: Setup a series of equations to solve along with guess values (required for Mathcad)

For a nominal 1000 moles of CO input, the expected CO output is 600 moles since 40% is

converted.
Known CQt:=60C  CQp := 100 D 40% conversion of CO
Guess ¢€l:=2( g2:=2( €3:=2( ed:=2( €5:=2(
€6 := 2( el =2( €8:=2( €9:=2( €10:= 2(
€ll:=2( €l2:=2( €13:=2( €ld:=2( €15:=2(
€16:=2( €l7:=2( €18:=2( €19:=2( €20:= 2(

e30:=2( D:=0.. <-—-- This value to be varied until COconv is equal to desired.

A nominal 400 moles of CO are converted in the FT reactor. The sum of the exiting amount of
moles in the FT product distribution will not be 400, since moles are not conserved. Mass is
conserved, however. Therefore, the variable "D" represents a factor that adjusts all the

conversions (g1, €2, etc.).
The resulting value of D is 0.1 meaning that 40 moles of FT products exit the reactor.

Giver

D=|¢el+ 1-82-1- 1-834- 1-84-1- E85+ 1-86-1- 1-87-1- 1-884- E89—|r —1810+ i811+ —1812...
3 4 5 6 7 8 9 10 11 12

+i813+ isl4+ i815+ i816+ isl7+ i818+ i819+ i820+ i830
13 14 15 16 17 18 19 20 30

€3 —&4 1 5 E €6
4 5 6

M4=— M5=-— M6=—
D D D

M10=& M11=L M12=L
D D

3

D
1-89 i81C i811 i812
S

D D

1—13813 1—1;1814 %5815 iel@ %7817 1—2818
M13= —— M14= —— M15= —— M16= —— M17= ——— M18= ——
D D D D D D

Solve:= Findz—:l, €2,e3,¢e4,¢e5,¢6,¢c7,¢8,e9,10,e11, €12,£13 €14, £15,16,£17,18 €19, £20, 830)

0
Solve=[9] 0.01

0.018

—_




el;:SoN%
ez;:SoN%
e3;:SoN%
e4;:SoN%
e5;:SoN%
e6;:SoN%
e7;:SoN%
e8;:SoN%
e9;:SoN%
el0:= SoN%

el= 0.01 ell=
e2= 0.018 el2:=
e3= 0.0243 el3:=
e4= 0.02916 eld:=
e5= 0.0328 el5:=
e6= 0.03543 el6:=
e7= 0.0372 el7:=
e8= 0.03826 el8:=
e9= 0.03874 el9:=
e1l0= 0.03874 e20:=

e30:=

Solvelc
Sowﬁj
Solvei2
SolvelE
Soqu
SolvelE
Sowﬁe
50w§7
SolvelE
SolveiS

Solvezc

ell=

el2=

el3=

eld=

els=

el6=

el7=

el8=

el9=

e20=

e30=

0.03835

0.03766

0.03672

0.03559

0.03432

0.03294

0.0315

0.03002

0.02852

0.02702

0.36473

Step 4: The guess value of D is varied until the sum of all reaction conversions (g1, 2, etc.)
sum to 1.0 as seen below. This means that all 400 moles of CO are converted as expected.

CQonv':

+el7+ el8+ el9+ €20+ €30

CQO,

conv = 1

Step 5: Each value for ¢ is imported into Aspen Plus

=el+ e2+ e3+ e4+ e5+ eb+ e7+ e8+ €9+ el0+ ell+ el2+ el3+ eld+ el5+ el6...
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Equipment Sizing

Rotary Dryer  Source: Process Engineering Economics by James Couper, 2003
Typical rpm of rotary dryers PMyryer = 4
Typical product of rpm diametef fegtequals 15-25. Assume value of 25 for larger end

25ft
"PMyryer

Typical residence times are 5-90 minutes and holdup of solids is 7-8%. Assume 5 minutes
and 8%.

= 6.25t

Ddryer= Ddryer

t g := 5Mir holdup := 0.0t

re

Typical exit gas temperature is 10-20CC above the e ntering solids.

Feed rate into plant is 2000 ton/day with bulk density of stover equal to 100kg/m”3. Water
density is accounted for as well.

tonne onne
:=2000—— it 10 = 666.66
Mdot_feed day Mdot_moist_in day
kg kg
P bulk_stover= 100_3 P water= 1000 3
m m

2
VSO"dS =71.759m

Volume of solids in dryer Vsolids::[ Mdot_feed n mdot_mmst_m} s

Pbulk_stover Pwater

Vsolids

. 3
Volume of solids and steam Vdryer_total = m Vdryer_total =896.991m

Vd ryer_total

2T
Ddryer Z

Length of theoretical dryer 'engthdryer:: Iengthdryerz 314.708m

Z
Surface area of theoretical dryer ~ “surf_dryer = 1€n9thqryer ™ Daryer Asurf_dryer™ 1883.4m

Max surface area as reported by Aspen Icarus is 185 m2, therefore approximately 10 dryers are
required.

Feed throughput in each dryer (used for Icarus input) Mdot_feed ™ Mdot_moist_in
10

= 24495.§E
hr
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Lock hopper System

Source: CE IGCC Repowering Project Bins and Lockhoppers, Combustion Eng. 1993
note: this report's feedstock is coal

Assumptions from report

-A receiving bin is situated before the lockhopper with a 40 minute residence time

-design pressure is for 50 psia.

-Cycle time for lockhopper system is designed for 10 minutes resulting in approximately 50,000
cycles per year

-Storage volume for lockhopper and feed bin is assumed to be 10 minutes

-Approximate lockhopper and feed bin vessel thickness is 1.5 inches and design pressure is for
450 psia

-Volume is theoretical + 33%

Residence Time

biomass receiving bin tres_rbin:= 40mir Eyoid = 2%
biomass lockhopper tres_lock:= 10mir
biomass feed bin tres_ fbin'= 10mir

Mdot_feed_lock™= Mdot_feed ™ Mdot_moist_dried

tonne
=2222——
Mdot_feed_lock day
Density of feed _ Pbulk_stover 2000+ pyyater222
Y P stover_10%moist™ 272
kg
P stover_10%moist 189-919—3
m

HT Scenario Lockhopper system (1 train)

_ Yes_rbiriMdot_feed_lock 1
r_bin-= 1
P stover_10%moist

Volume of biomass receiving bin v V, = 433mE

r_bin
~ Evoid

t .
Volume of biomass lockhopper Viock = res_lockmdot_feed_lock 1

el
V =108m
o 0 i 16 lock
stover_10%moist void

res fbinMdot_feed lock 1
1

Volume of biomass feed bin V bin = Vk bin = 108m3

P stover_10%moist ~ &yoid
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Low Temperature Lockhopper System (7 trains)

V .
Volume of biomass receiving bin Ve binlT = r_7b|n Vi binLT= 61.909rr’“:
. Viock 3
Volume of biomass lockhopper ViockLT = — ViockLT = 15.477m
Vi bi e
Volume of biomass feed bin Vi binlT = f_7b|n Vi pinLT = 15.477m

VENT

PRESSURIZATION GAS
—ﬂ

LOCK

HOPPER EQUALIZATION

DISPLACEMENT QAS

FLUIDIZATION GAS

TO GASIFIER

k

TRANSPORT GAS

10 MINUTE REPEATING CYCLE

Source: Combustion Engineering 1993
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Lockhopper Power Consumption

Source: Techno-Economic Analysis of Hydrogen Production by Gasification of Biomass by
Lau et al. [2002]

Specific Power of lockhopper, kW/tonne/day SRock = o,oazkl

tonne

day

Biomass inlet to gasifier Mdot_gasifier= Mdot_biomass™ ™Mdot_moist_dried

Powefocy = SRock Myot_gasifier Powejqycy = 182.22RW
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Fly Ash Collection Storage Tank (assume 7 days storage)

t
Pash= 700§ (assumed) Mot ash= 5.88 21
3 — day
m
Mdot_ash 2 3
Vtank:: p—h7day Vtank =58.8m Vtank =2.077 18 ft
as

Slag Separation drum (5 minute residence time, 20% volume)

Pslag™ 2700—3 Mot_slag = 114 day €void_slag = 0+t
m
Mdot_slag _ . 2
Varum:= ————5min—— Vgrum= 0.733n
Pslag ~ yoid_slag

Slag collection Storage tank (7 days storage)

THot_slag iy 295.6r

Vslag_storagé: Vslag_storage:
Pslag
Char collection storage bin (1-day residence time, 80% volume)
t .

Pchar= 2700'(_2 Mdot_char= 214% eyoid_char = 0+ assume 20% voidage

m

Mdot_char 1 z
Vehardrum= = 1day 1 Vehardrum= 99:074m

Pchar ~ &yoid_char

Note: the resulting volumes are used to assist in costing using Aspen Icarus



Pressure Swing Adsorption Unit Sizing

References in parentheses are
Pi=3141  nm-=10 given at the end of this section.

The adsorbtion unit is 1/3 molesieve and 2/3 Activated Carbon

(a) (b) (b)

2 3
Molsieve 13X BulkDens:= 43>  SA:= 1320™  Porevot= 0.5:50
3 gm gm

Determine dry volumetric flow rate of the syngas stream at atmospheric pressure and 25 deg C

3

kmol m> 14.696psi (273.15- 25K
VolFlowRate= ( 167 12222 414 . psi ( >
hr kmol 400 psi 273.15K
3
VolFlowRate- 149.2141:—
-

Mole fraction of components that are adsorbed

CO:=2: CO2=1 CH4:=1
Actual Flow rate of components adsorbed

FlowRateAds:= VoIFIowRateCOJr i(;? cH4

3
FlowRateAds= 37.30%:—
r

Adsorbent Capacity

3 .
AdsCap:= O.34ft—- 14.696psi (27315 23K (d) SCF/Ib corrected for P and T to actual

Ib 400 psi 273.15K cm3/gm; PSA occurs at ambient
temperature

3
AdsCap= 0.855ﬂ
gm

Mass of molsieve required
CycleTime:= 5mir

FlowRateAds CycleTime

MolSieveMass= 3.652 f(kg
AdsCap

MolSieveMass:=
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Determine volume and length of molsieve bed and activated carbon bed

BedVolume= MolSieveMass BedVolume= 5.302ih
BulkDens
Diam:= 4ft Diam= 1.219m (assumed)
Length:= BedVolum Length= 3.72%  (Just molsieve bed)
Pi Dianf

RxtrLength:= 3 Length (bed is 1/3 molsieve, 2/3 activated carbon)

RxtrLength= 11.178 RxtrLength= 3.406 m

RxtrVolume= RxtrLength Diar2r10.25n RxtrVolume= 3.977m

(a) http://www.sigmaaldrich.com/Brands/Aldrich/Tech_Bulletins/AL_143/Molecular_Sieves.html

(b) US Pat 6117810

(d) WO/1998/058726 BULK SEPARATION OF CARBON DIOXIDE FROM METHANE
USING NATURAL CLINOPTILOLITE --extrapolate to partial pressure of
CO2+CH4+N2+C0=32.6%*400 psi

Adsorption Capacity

0.3

0.25

- ©
o N

e

SCF per Pound

o
.
-
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HT Scenario Fuel Storage

Gasoline Storage Tank (30 days storage)

tonne
Mot _gasHT = 112.78——

day

sl

Vdjot_gasHT = 4-041x 18 =

Vgas_tankHT= Vdot_gasHT 30day

2
Vgas_tankHT= 4989

Diesel Storage Tank (30 days storage)

tonne

; = 266.5——
Mdot_dieselHT day

sl

Vdot_dieselHT= 8-381x 1§ oy

Vdiesel_tankHT= Vdot_dieselHT 30day

el
Vdiesel_tankHT= 9518M

Note: the resulting volumes are used to assist in costing using Aspen Icarus
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LT Scenario Fuel Storage
Gasoline Storage Tank (30 days storage)

tonne

Myot_gasLT= 87-12 day

ol

VdOt_gaSLT: 3.12% 16 day

Vgas_tankLT= Vdot_gasLT3ay
3
Vgas_tankLT= 3945M

Diesel Storage Tank (30 days storage)

tonne

; = 205.86——
Mdot_dieselLT day

oal

Vdot_dieselLT= 6:474 16 day

Vdiesel_tankLT= Vdot_dieselLT30ay

Vdiesel_tankLT: 7352m

Note: the resulting volumes are used to assist in costing using Aspen Icarus
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LT Gasifier Cost
Source: Larson et al. 2005 in 2003$

tonne
CO_gasifier:: 6.41 18 $MM SO_gasifier:: 4l.7 hr

Biomass throughput of 300 tpd

ton

SqasifierLT:= SOOday

The cost ($MM) of one train at 300 ton per day

SgasifierLT 1
tonne

CyasifierLT= C0_gasifiet
SO_gasifier

hr tonne
hr

CyasifierLT= 2576< 16 $MM

116

t
Smax= 120—0;]me f:=0.7
r

tonne
SgasifierLT: 11.34 hr

Since 2205 ton /day we need 7 gasifiers but we can apply the multiple train scaling exponent

Myrajn = 0.

Mrair

CgasifierLTtrain:: CgasifierLT7 CgasifierLTtrain

~1.484 16 $MM



FT Reactor Costing

Source: Larson et al. 2005 in 2003$

CET pase=10! $MM fero:=0.7. SET base™ 2.52%rCf
HT Scenario
kmol L
Mdot_FTHT = 13829 = Vstandard_FTHT=Mdot_FTHT 224
MMcf

Vstandard_FTHT= 10-939T

fFT2
Vstandard_FTH'Ij

CETHT reac™ CFT base
SFT_base

Installed cost $MM (assume 3.6 install factor consistent with

C =30.217
FTHT_reac Peters et al.)

LT Scenario

kmol

L
Mdot_FrLT=11406="= " Vstandard_FTLT=Mdot_FTLT 224~

MMcf
Vstandard_FTLT: 9-018T

fET2

) Vstandard_FTLT

CETLT reac=CFT bas¢) — <
SFT_base

CETLT reac= 26-294 Installed cost $MM (assume 3.6 install factor consistent with
- Peters et al.)
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Acid Gas Removal Area Cost

Source: Phillips et al. 2007 in 2005%

Calculated by adding the input syngas streams to the absorber column

Ib
SAGR_base™ 332916 fagR :=0-6! CAGR_base= 54465
HT scenario
tonne b
SAGR_HT:= (2965+ 2308 Ty SAGR_HT= 484374{;
s fAGR
. AGR_HT 1
CAGR_HT= CAGR_base b Swn CAGR_HT= 6949808
= _base
hr b
“hr
LT scenario
) tonne Ib
SaGR_LT:= (2070+ 21910E SaGR_LT= 39132t
s fAGR
. AGR_LT 1
CAGR_LT=CAGR_basd — .~ Som 1 CaGR_LT= 6049946
= _base

hr b
hr
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A500 Hydroprocessing area cost

Source: Robinson et al. 2007 in 2007$

Note: "bpsd" is barrels per standard day

4000
AreaCosty:= —— :=25000bpsd fiyy :=0.6! d
b bpsd So_HY p HY (assumed)
Co_Hy = AreaCosy Sy pyy Co_Hy = 100000000
HT scenario
tonne kg
mdot_FTL_HT = 428Tay PETL= 750—3 (frOm ASPEN model)
m
Mdot_ FTL_HT
VdOt_FTL_HT:: VdOt_FTL_HT = 3.58% 18 bde
PFTL
y fhy
dot FTL_HT 1
= = C —2.83% 16
Cuy HT=C0 HY opsd S v HY HT
bpsd
Power required for A500
Powe _ 15KW-hr
ber_bpsd: bpsd: day
Poweg eaHT= POWeher ppsdVdot FTL_HT PowegreqHT= 2-243MW
LT Scenario
tonne
Mot_FTL_LT = 33042 day (from ASPEN model)
Mdot FTL_LT
Vdot FTL LT=— _ Vdot FTL_LT= 2.771x 18 bpsd
PFTL
y fhy
dot FTL LT 1
Chy_LT=C0_HY ‘ CHy_LT =239 16

bpsd S_HY
bpsd

Power required for A500

Poweg eq) T:= POWeher ppsdVdot FTL_LT Poweg eq 7= 1.732MW
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Reactors and Catalysts
Fischer-Tropsch reactor and cobalt catalyst

FT reactor volume

Using gas hourly space velocity and actual volumetric flow rate, the volume of the reactor is
determined

A%
GHSV= —O
\Y
GHS\r=100h7 ' (assumed)
3
Viate actHT=6-298— (from ASPEN model)
— s
Vrate actHT 2 -
Vi o= —oo=0C Vet = 226.728M Vet = 8.007% 10ft°
FTHT FTHT FTHT
GHS\:t
3
_ m
Vrate_actLT= 5-021?
Vrate_actLT 3 2
Vi 1= — e act’ Ve, + = 180.756m Ve += 6.383% 10ft°
FTLT- FTLT FTLT
GHS\eT
FT catalyst cost
15 d b q
Cogost = " (assumed) PCo= 64—3 (assumed)
ft
. 1
Coyol_cost = CO%ost P Cc Coyol _cost = 960—3
ft

Replacement cost of cobalt catalyst

Coptal_costHT= C%ol_cost VFTHT Chiotal_costHT = 7-687x 18

Ciotal_costLT = Col_cost' VFTLT Cototal_costLT= 6128 16



Water Gas Shift reactor and catalyst

Sour WGS reactor volume (HT scenario)

121

Using gas hourly space velocity and actual volumetric flow rate, the volume of the reactor is

determined

\Y
GHSV= -0
\Y

GHS\jygg:=1000hi 1 (assumed)

3

Viate actSWes=2.008—  (from ASPEN)
— S

Vrate_actSWGS

el
\Y, =7.229m
GHSyGs SWGS

VswGs=

WGS reactor volume (LT scenario)

3

Viate actwGs= 1-834—  (from ASPEN)
— S

Vrate_actWGS

2
Viyec= 6.602r
GHSygs WGS

Vwes=

WGS and SWGS Catalyst Cost

8 Ib
CatCOSWGsiz E P Cat_WGS:: 56—

e
CatCosyg_wgs = CACOSyGSP cat WGS

Replacement cost of WGS catalyst

TotaICatCostSWG g= CatCos(,c)'_WG S VSWGE

TOtalC&tCOSWGS = CatCOSbol WGS VWGS

Pcat was 897034~

2
Vowes= 255.283f

Viygs= 233.162ff

kg

m

1
CatCos;loLWG s= 448—3

ft

TotaICatCostSWGsz 114367

TotaICatCosWG g= 104456



Steam Methane Reformer reactor and catalyst (LT scenario)

GHS\g )R = 2600h7 ' (assumed)

3
m
Vrate_actSMR™= 7'082?

Vrate_actSMR
VSMR™= ey
GHS\éMR

SMR Catalyst Cost

4.67 Ib
CatCOS%MR = T P Cat_SMR:: 64_3
ft

CatCosfg_gmR = CACOSE MR P cat_SMR

Replacement cost of SMR catalyst

TotaICatCostSMR = CatCOSUoI_SMR'VSMR

(from Aspen model)

VMR = 9.806M

2
VMR = 346.20f

kg
peat_SMR= 1025 10 =
m

1
CatCos;,c)' SMR = 298.86—

ft3

TotaICatCostSMR = 103499
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Natural Gas utility consumption

Annual natural gas requirement at 5% of yearly operating hours

Natural gas properties Price (Source: Energy Information Administration)
6.4
Costyqi=——
MJ gm L 9 3
HHV,,:=54— MW ., :=16.04— =22.4—
ng kg ng mol Png mol Looort
Png 1
HT scenario Coshy MW g 280.3%%
Prequired_plantHT:: 32.813VW (from Aspen model, includes power required for gas

turbine air compressor)
Effag_to_power:=0-3" (assumed)

I:)required_plantHT
Eff

_ ng_to_power _ 1378 1(4)1&
Mdot_ngHT* HHV g Mdot_ngHT = + hr
Annual natural gas requirement
MngHT = mdot_ngHTAvallabllltyOO' M ngHT = 2563ton
Average flowrate of natural gas
M ngHT Ib

Mot_ng_5%HT = g7gons Mot_ng_59%6HT = 98514
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LT scenario

Prequired_plantL'F: 24.3MW (from Aspen model, includes power required for gas
turbine air compressor)

Prequired_plantLT

Eﬁng_to_power 1.02 161 Ib
= = 1. X —
Mdot_ngLT HHVg Mdot_ngLT hr

Annual natural gas requirement

M ngLT = rndot_ngl_-l-/A\Vallab”lty00I M ngLT =1898ton

Average flowrate of natural gas

M
__ngLT - b
Mdot_ng_5%LT= g7aqr Myot_ng_5%LT= 433.33 hr




125

APPENDIX D. PROCESS FLOW DIAGRAMS

D.1 High Temperature Scenario



High Temperature Scenario
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Figure 24. Overall plant area process flow diagram for HT scenario
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High Temperature Scenario: Area 100

CHMIX01 CHGRINO1 CHSEPO1 DRDRYO01 GRMIX01 GRGRINO1 GRSEPO01
Chopper Feed First-Pass 6-mm Screen Rotary Grinder Second-Pass 1-mm Screen
Bin Chopper Steam Dryer Feed Bin Grinder

Steam

‘ PL8ISTM ‘ »| DR8ISTM <

Wet Biomass GRMIX01
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GRGRINO1
[ 2/

25
1.01
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CHOOBMAS
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CHMIX01
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/2109 /
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A
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Figure 25. Preprocessing area process flow diagram for HT scenario
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High Temperature Scenario: Area 200

GSTANKO1 GSTANKO02/03 SLREACO1 SLSEPO1 CYCYCO01 CYMIX02 CBREACO1
Biomass Biomass High Temp Slag Removal and Primary Soot Collection Combustor
Receiving Bin Lockhopper Slagging Gasifier Cooling Cyclone Train Tank
Carbon Dioxide
Oxygen »  GS92c02 >
@ Pooox ]
V- Syngas
Oxygen SL02SGAS »([ p2iseas P
@ Pooox ]
Dry Biomass Combustor Flue Gas

[ roses ])

[euzer ])

Key

// Mass Flow (tonne/day)
I:l Temperature (°C)
/—\ Pressure (bar)

GS900X

GS98STM

CBREACO1

SLREACO1

4—{ GS545GAS }4

25
1.01 .
Air

GS09AIR ‘4—@ PLO9AIR .

Vw2

23.58

Unconverted Syngas
pLarseas )

Steam

GS81STM

(I s |

Steam

P PL81STM .

SLO1SLAG

GS17SLAG

Slag

SLSEPO1

»(| PLi7sLAG .

‘ Area 200: Gasification ‘

Q?yan Swanson |

5/22/2009 | HTScenario)

Figure 26. Gasification area process flow diagram for HT scenario
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High Temperature Scenario: Area 300

CLHEATO1 SGCOMPO1 SGREACO01 CLHEATO03 CLMIX01 CLDRUMO1
Syngas Cooler Steam Sour Water Gas Secondary Wet Scrubber Gas/Liquid
Compressor Shift Reactor Syngas Cooler Separation drum
Air Flue Gas
[ D) » cLo2AR CLOSAIR >
/18 / i
/101 \
‘Water ‘ o CO2 to lockhopper
PLBOWAT P CL81WAT A300SUL:
CL42CO2 }—»( PLascoz
Syngas LO-CAT Sulfur Recovery
[ ruises |)

SL02SGAS

Carbon Dioxide Vent
»(| PLaocoz P

CL29SGAS

CLHEATO1
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> PL83SUL

CL28SGAS
A
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Clean Syngas
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| >
4% CL34SGAS | >
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»
>
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SGCOMPO1
Steam
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/ / Mass Flow (tonne/da
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[ ] Temperature (°C)
/— "\ Pressure (bar) Q?yan Swanson| 5/22/2009 | HTScenarioJ

Figure 27. Syngas cleaning area process flow diagram for HT scenario
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High Temperature Scenario: Area 300AGR

AGCOLO1 AGDRUMO1 AGPMPO1 AGHX01 AGCOL02 AGHEAT03 AGDRUMO02
Acid Gas Absorber Gas/ Lean Solution Rich/Lean Solution Acid Gas Stripper Tops Stripper Gas/
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Figure 28. Acid gas removal area process flow diagram for HT scenario
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High Temperature Scenario: Area 300SUL

SUCOLO1 SUCOMPO1 SUHEATO1 SUREACO1
LO-CAT Absorber Air Compressor Air Cooler LO-CAT Oxidizer
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@ coar
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h 4
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Figure 29. Sulfur recovery area process flow diagram for HT scenario
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High Temperature Scenario: Area 400

FSCOMPO1 FSHEATO1
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Q?yan Swanson | 05/22/2009 | HT Scenario)

Figure 30. Fuel synthesis area process flow diagram for HT scenario
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Hydrogen
@ Proonvo

High Temperature Scenario: Area 500

HYREACO1 HYTANKO1
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Figure 31. Hydroprocessing area process flow diagram for HT scenario
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High Temperature Scenario: Area 600
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Figure 32. Power generation area process flow diagram for HT scenario
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High Temperature Scenario: Area 700
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‘ Area 700: Air Separation Unit

Figure 33. Air separation unit process flow diagram for HT scenario
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D.2 Low Temperature Scenario



Low Temperature Scenario
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Figure 34. Overall plant area process flow diagram for LT scenario
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Low Temperature Scenario: Area 100
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Figure 35. Preprocessing area process flow diagram for LT scenario
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Low Temperature Scenario: Area 200
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Figure 36. Gasification area process flow diagram for LT scenario
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Low Temperature Scenario: Area 300
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Figure 37. Syngas cleaning area process flow diagram for LT scenario
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Low Temperature Scenario: Area 300AGR
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Figure 38. Acid gas removal area process flow diagram for LT scenario
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Low Temperature Scenario: Area 300SUL
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Figure 39. Sulfur recovery process flow diagram for LT scenario
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Low Temperature Scenario: Area 400
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Figure 40. Fuel synthesis area process flow diagram for LT scenario
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Low Temperature Scenario: Area 400COND
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Figure 41. Syngas conditioning area process flow diagram for LT scenario
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Low Temperature Scenario: Area 500
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Figure 42. Hydroprocessing area process diagram for LT scenario
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High Temperature Scenario: Area 600
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Figure 43. Power generation area process flow diagram for LT scenario
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High Temperature Scenario: Area 700
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Figure 44. Air separation unit process flow diagram for LT scenario
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APPENDIX E. STREAM DATA

E.1 High Temperature Scenario



Table 39. Overall plant stream data for HT scenario

A A A, A, A, A, A, A, A, A, A A,
(”%;7 %, %&O NN O NN NN AN ANEANENNEA % /%"”o IO(&{S‘ ’%d’% A AN EONE? EON (‘%’/p,\ /%’% NN

HT Overal Plant AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN ANEANRANE

Temperature (C) 3] o] os] o] 1300]  ee]  2s0] _ s3] 48] 45| 45| 35| 220] 35| a6] s/ 200 4] 5o ieo]  27a] @] 30| tao]  s0] 7o _ feo] _200] _ 30
Pressure (bar) o1 101 To1| 2662 2662 22.75] 28.00] 345] 2358 2358] 2358 2220 103 2220] 103 103 198 24me| 193] 18] 100 Toi] 100 2800 10.00] 20| e8| 2eoo| 1T
Vapor Fraction 000] _000] 100] 000 100 100 1o0o] 100 1oo] t00] 1oo] o000 too| 100|000 0oo] 100] 000 000 100 1.0 too[ 10| 100 1oo] too] 100 000 1.0
Volume Flow” (m¥isec) | 0.43| 0.4 283]  0 1123 345| o007 332] 002 164 o011] o001 433 o002 o o0o01| 5053 002 o 4234| 4537 2007 o063 o034 130 576] 470 002 2237
Mole Flow™ (kmolhr) | _1542] 513.97] 343.36] 0] _8192] 10089] 175.05] 1541] 71.82 6260] 355.46] 89.40| 303.42] 74.55] 41.08] 48.97] 9251 3276] 1346] 9251 3595] 4177] 90.27] 957.07] 1271| a255| 1028] 2220] 3237
Mass Flow (tonnes/day) | __2667] _2222] 237.82] 11400 3825] _3377] 180.00] 1585] 29.08| 2130] 143.05] 427.14] 266.01] 5277 112.62] 266.11] 4000] 1501 70| 4000] 2439] 2003] _4.37] 745.70] 54962 2189] 444.44] 960.00] 2242
Heo 86667 22222] o] 0| 98843] 4553 250 2o o o[ o o ere| o o o _ of to4s| 404 _ o 23343] _ of _ o _ of s4o2] o] 44444 960.00] _ 0
o o o] o[ o 1457 18i8] 047] 415 1124] s2354] s5e5] o o o o o o 2210l o o o o o o o o o o 0
He ol o o[ o 12288] 28834 o _ of 183 13408] sos] o o o o o o o o[ o o o 43 o o o o o o
coz o o o[ o ii84| 1e0.01] 17521 1543 240] 17574 is8] o] aooo] o o o _ of iz82s] o o 322a] o o o o o o o o
o2 ol o ol o o o o o o o o o to2s] o o o o o o o foazs| 672te] o] 7o000] o o o _ of serer
N2 o[ __of tetes| o 17es] o 17| 1563] o o o o stes] o o o o o026 o o 175 2tea] o[ o[ o 2] o o 1715
CHe ol o o[ o o0 34l ooi] oo7| o087 6347 4o o of 144l o o o o o o o o o o o o o o o
C2He ol o o o o fo6e0] ooi] oio] 146 torof] 723 o] o o o o o o o o o o o o o o o o o
CoHa ol o ol o o o o o o o o o o o o o o o o o o o o o o o o o o
CaHz ol o o o o o o o o o o o o o o o o o o o o o o o o o o o o
c3 ol o o[ o _of aias| ooi] odo] tea| 1ais6 os7] o o a7es] o o o o o o o o o o o o o o o
ca o o[ o[ o[ __of t6738] 002 0.5 229] te7s5] 1132] o o o o o o o o o o o o o o o o o 0
Hies ol o o o aso] oo o o o o o o o o o o o toe] o o o o o o o o o o o
NH3 o o o o o o o o o o o o o o o o o ot o o o o o o o o o o 0
TAR ol o ol o o o o o o o o o o o o o o o o o o o o o o o o o o
SULFUR ol o o o o o o o o o o o o o o o o o s o o o o o o o o o 0
CARBON o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
CHAR o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
STEAM ol o ol o o[ o o o o o[ o o o o o o 4ooo] o o amo[ o[ o o o o o o o o
02 ol o o o o o o o o o o o oo o o o o o o o oos] o o o o o o o o
NO2 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
VEA ol o ol o o o o o o o[ o o o o o o o o o o o o o o o o o o o
AR o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
WAXES o o o o o o o o o o ooz o o o o o o o o o o o o o o o o o
Cs ol o o o o 22 o o o0s| 229 oas| 1s49] o o o o o o o[ o o o o o o o o o o
C6 o o o o o 2a o o oos| 246 o] 1e65] o o o o o o o o o o o o o o o o o
o ol o o o o tus[ o o ooe| 15| oos] 75| o o o o o o o o o o o o o o o o o
c8 ol o o o o[ a8 o o ooe] 118 oos] 798| o o tee2l o o o o o o o o o o o o o o
Co ol o o[ o o i o[ o o002 1o o008l et o o o o[ o o o o o o o o o o o o 0
cio ol o o o o a6 o o oo2] 119 oos] t812] o o o o o o o o o o o o o o o o o
ci ol o o o o os o o ooo| 116 oos] 1762l o o o o o o o o o o o o o o o o o
ci2 ol o o o o oms[ o o ooi] o054 ooa] 1725 o o o o o o o o o o o o o o o o o
ci3 ol o o o o ooe[ o o ooi] o052 ooa 1670l o o o o o o o o o o o o o o o o o
ci4 ol o o o o o o o oot oso] ooa| t616] o o o o o o o o o o o o o o o o o
Ci5 ol o ol o o[ o o o ooi] o4 ooa] 557 o o o o o o o o o o o o o o o o o
Ci6 ol o o[ o o o o o ool o047 oos| 1493 o o] o ze6ii ol o o o o o o o o o o o o
ci o o o o o o o o o o o @ o o o o o o o o o o o o o o o o o
ci8 ol o ol o o[ o o o o o o wos] o o o o o o o o o o o o o o o o o
Cig o o o o o o o o o o o s o o o o o o o o o o o o o o o o o
C20 o o o o o o o o o o o el o o o o o o o o o o o o o o o o o
c0s ol o o o os0] 2o o o ooe] ta2] oos] o o o o o o om o o o o o o o o o o o
AR ol o o[ o 4s70] sa4s7| o] o 87| 50293 33es] o 8] o o[ o o +tos] o[ o 3399 sres] o 4s70] o o2l o o o
BIOMASS oo0] zooo] o o o o o o o o o o o o o o o o o o o o o o o o o o 0
ASH o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
S00T ol o o o eoo]l o o o o o[ o o o o o o o o o o o o o o o o o o o
SLAG ol o o[ moo] o o o o o o o o o o o o o o o o o o o o o o o o o

**Volumetric and Mole flow values do not include biomass, ash, soot, or slag
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Table 40. Preprocessing area stream data for HT scenario

HT A100

&
’Yo%P
7,
g4

"

%

3
%

%
&)

Temperature (C)

120]

120]

90|

90|

Pressure (bar)

1.98]

1.98

1.01

1.01

Vapor Fraction

0.00]

1.00

1.00

0.00]

0.00

Volume Flow** (m%/sec)

0.43]

42.34

4.70

0.14]

0.14

Mole Flow** (kmol/hr)

1542

9251

1028

513.97]

513.97,

Mass Flow (tonnes/day)

2709

4000]

444.44

2240

2222

H20

666.67|

0

444.44

222.22

222.22

Cco

H2

C0o2

ololololololololololololololololo

4000,

ololololololololololololololololololololololololololololololololololololololololo

ololololololololololololololololololololololololololololololololololololololololo

ololololololololo|olo|o|olo|ololololo|ololol|o|ololololololololo|olol|ololo|ololo]o

BIOMASS

2042

n
=3
S
S

201

2000,

ASH

0

SO0T

0

olo

SLAG

0

o

ololololololololololololololololololo|olololololololo

olololololololololololo|olo|ololo|olo|ololol|o|olololo|ololo|ololololo|ololololo|ololo|olo

olololxlololololololololololololololololololololololololololololololololololololololololo

**Volumetric and Mole flow values do not include biomass, ash, soot, or slag
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Table 41. Gasification area stream data for HT scenario

® o @ P m
) &%3% 0‘53100 d}’% O&s@o 0653% X 06% 0629%, R 0‘2‘%70 063?9& NN
HT A200 % N\ % g0 AR % Y o 2 TN N TN\ o
Temperature (C) 50 90 2 oo 280] 220 [ 2000 120 149 o[ 200] __ 203] _ 1ao0] 1300
Pressure (bar) 2662] 101 1of] 10| _2800] _ 103 2358 _ 198] _ 198] _2800] 2800 _ 28.00] 2593 2662 _ 2662
Vapor Fraction 000 000 too] 053] foo] oo _ 1oo] _ too] _ foo] oo _ 10| _ o000] _ fo0] 000 _ 1.00
Volume Flow** (m'/sec) o o014  233] 30so] ool 433]  o002| s0s3| 4234  034] o004 o002] 350 o 1123
Wole Flow™ (kmo/hr) o 51897 34336] _ 6974] 175.05] 39342 _ 7182 _ 9p51] _ 9251 957.07 15825] _ 2220] 8308 o 8%
Wass Flow (lonnes/day) | 114.00] __ 2222 _237.82] _ 2222] 18000] 26691 _ 20.08] _ 4000] _ 4000 74370 166.90] _960.00] _ 3869 11400 _ 3825
Heo o 22222 of 22222 250] 2789 0 0 0 0 o[ 96000 1038 o] 98843
o 0 0 0 o o4 o[ 1124 0 0 i Y5 o 1457 o 1457
He 0 0 o[ 10120 0 o __1e3 0 0 0 0 o[ 12288 o[ 12288
02 0 0 0 o[ 17521 4000|240 0 0 o 16645 o[ 1184 o[ 1184
02 0 o 5597 81260 o[ 1028 0 0 o[ 70000 0 0 0 0 0
N2 0 o[ 18185] _ 16.00 178 18185 0 0 0 0 0 o 1768 o 1768
CHa 0 0 0 o[ oot o __os7 0 0 0 0 o 002 o o002
CaHe 0 0 0 o[ oot o[ 146 0 0 0 0 0 0 0 0
Caha 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cohiz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C3 0 0 0 o[ oot o 193 0 0 0 0 0 0 0 0
ca 0 0 0 o 002 o[ 229 0 0 0 0 0 0 0 0
Hes 0 0 0 0 0 0 0 0 0 0 0 o 450 o 450
NH3 0 0 0 0 0 0 0 0 0 0 0 o KR o o
TAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SULFUR 0 0 o[ 440 0 0 0 0 0 0 0 0 0 0 0
CARBON 0 0 o[ 94560 0 0 0 0 0 0 0 0 0 0 0
CHAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STEAM 0 0 0 0 0 0 o[ 4000|4000 0 0 0 0 0 0
502 0 0 0 0 o o002 0 0 0 0 0 0 0 0 0
NO2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VEA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WAXES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
s 0 0 0 0 0 o[ 003 0 0 0 0 0 0 0 0
C6 0 0 0 0 0 o[ 003 0 0 0 0 0 0 0 0
7 0 0 0 0 0 o 002 0 0 0 0 0 0 0 0
C8 0 0 0 0 0 o[ 002 0 0 0 0 0 0 0 0
C9 0 0 0 0 0 o[ o002 0 0 0 0 0 0 0 0
c10 0 0 0 0 0 o oo 0 0 0 0 0 0 0 0
C11 0 0 0 0 0 o 002 0 0 0 0 0 0 0 0
ci2 0 0 0 0 0 o[ ool 0 0 0 0 0 0 0 0
13 0 0 0 0 0 o ool 0 0 0 0 0 0 0 0
Cc1a 0 0 0 0 0 o oot 0 0 0 0 0 0 0 0
15 0 0 0 0 0 o[ oot 0 0 0 0 0 0 0 0
C16 0 0 0 0 0 o[ oo 0 0 0 0 0 0 0 0
c17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ci 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c0S 0 0 0 0 0 o oo 0 0 0 0 o[ 030 o[ 030
AR 0 0 0 0 0 I Y 0 o 470 0 o 470 R
BIOMASS o[ 2000 0 0 0 0 0 0 0 0 0 0 0 0 0
ASH 0 0 o[ 12000 0 0 0 0 0 0 0 0 0 0 0
5007 0 0 0 0 0 0 0 0 0 0 0 0 0 o 600
SLAG 114,00 0 0 0 0 0 0 0 0 0 0 0 o[ 11200 0

**Vlolumetric and Mole flow values do not include biomass, ash, soot, or slag
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Table 42. Syngas cleaning area stream data for HT scenario

< & [ & [ o) &
%5‘ Q"%’ <%‘@ (%’& <°‘%’ (‘%?9 Q”o Q"z Q”e (’{%’ Q"’/,,/ Q"% de; (%/p Q%& 9.9@ Q% O“% &%{9 %z (09@ 6}% Q‘%

HT A0 N SN N, N N N N N TN BN N N TN TN N N TN N N o\ B\ o\ %

Temperature (C) so] 203[ 291 240] o] 4o s3]  s3[ 250] 45[ so[ 40 so[ 6o 190] 25| 50| 2] 250] 203] 1300] 203 30
Pressure (bar) 345| 2593| 24.82| 2482] 2482] 2482 345] 345] 2800] 2358] 2482 2482 193 2482 1000] 101 193] 2275 2586 2662 26.62] 2503 26.62
Vapor Fraction 100 100 1oof 100 oo 100 100 100 100 1.00[ o000 o000 o000 o000 100 100 093] 100 100 o000 100 000 0.0
Volume Flow** (m°sec) | 369] 1.08] 201] 454] 207] 186] 370] 038 0.07] 164 o 002 ol o002 130 o001 oot] 345[ o054 o007 11.23 0 0
Mole Flow** (kmol/hr) 1728] 2576 3847| 9579] o579 e419] 1716| 175.05] 175.05] 5260[ 115.64] 3276] 13.46] 2313 1271] 2.07] 258] toos9] 1271| 9251] 8192 o[ 115.64
Mass Flow (tonnes/day) | 1773] 1199] 1749] 4418 4418] 2967 1765] 180.00 180.00] 2130] 50.00] 1501] 7.20] 1o00| 549.62] 1.50] 2.32] 3377] 549.62] 4000] 3825] 6.00[ 50.00
H20 27.18] 321.91] 591.14] 1308] 1308] 9.19] 24.46] 2.50[ 2.50 o 50.00[ 1348] 4.04] 1000[ 549.62 of 0.45] 45.53] 549.62] 4000| 988.43 0] 50.00
co 462 45169 1574] 1021] 1021] 990.01] 462] 047] 0.47] 82354 o] 2210 0 0 0 0 o| 1818 0 of 1457 0 0
H2 0| 38.09] 69.47] 154.26] 154.26] 154.26 0 0 o] 134.08 0 0 0 0 0 0 o] 288.34 0 of 122.88 0 0
€02 1718] 367.08] 1052] 1869] 1869 1741 1718] 175.21] 175.21] 175.74 0] 128.26) 0 0 0 0 0] 190.01 0 of 1184 0 0
02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of 159 0.2 0 0 0 0 0 0
N2 1741 548] 548] 17.68] 1768 17.43] 1741] 1.78] 1.78 0 o 02 0 0 0 0 0 0 0 of 1768 0 0
CH4 008 oof] oot o002 o002 002[ o008 001 001] 6347 0 0 0 0 0 0 o] 6341 0 o o002 0 0
C2H6 0.11 0 0 0 0 of ot 0.0 0.0 107.01 0 0 0 0 0 0 0] 106.90 0 0 0 0 0
CaH4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C2H2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C3 0.11 0 0 0 0 of o] o0t o.01] 14156 0 0 0 0 0 0 o] 14145 0 0 0 0 0
C4 0.17 0 0 0 0 o o017 0.02[ 0.02] 167.55 0 0 0 0 0 0 0] 167.38 0 0 0 0 0
H2S 339] 140 140 4500 450 348 0 0 0 0 o 102 0 0 0 o 003 003 0 of 450 0 0
NH3 of 003 003 o1l ot o001 0 0 0 0 o[ 0.0 0 0 0 0 0 0 0 of o 0 0
TAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SULFUR 0 0 0 0 0 0 0 0 0 0 0 of 316 0 0 0 0 0 0 0 0 0 0
CARBON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CHAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STEAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
502 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NO2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MEA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WAXES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C5 0 0 0 0 0 0 0 0 of 229 0 0 0 0 0 0 o] 229 0 0 0 0 0
Cé 0 0 0 0 0 0 0 0 of 246 0 0 0 0 0 0 o] 248 0 0 0 0 0
C7 0 0 0 0 0 0 0 0 of 115 0 0 0 0 0 0 o 115 0 0 0 0 0
c8 0 0 0 0 0 0 0 0 of 118 0 0 0 0 0 0 o 118 0 0 0 0 0
C9 0.08 0 0 0 0 0 0 0 of 119 0 0 0 0 0 of o008l 111 0 0 0 0 0
C10 0.03 0 0 0 0 0 0 0 of 119 0 0 0 0 0 of o003 116 0 0 0 0 0
C11 0.23 0 0 0 0 0 0 0 of 1.1 0 0 0 0 0 o o023] o83 0 0 0 0 0
Cc12 0.13 0 0 0 0 0 0 0 of o054 0 0 0 0 0 of o1 o013 0 0 0 0 0
Cc13 0.04 0 0 0 0 0 0 0 of 052 0 0 0 0 0 of o004 002 0 0 0 0 0
C14 0.01 0 0 0 0 0 0 0 of 050 0 0 0 0 0 o o0 0 0 0 0 0 0
C15 0 0 0 0 0 0 0 0 o o049 0 0 0 0 0 0 0 0 0 0 0 0 0
C16 0 0 0 0 0 0 0 0 o 047 0 0 0 0 0 0 0 0 0 0 0 0 0
Cc17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COS 008 009 009 030] 030 017 0 0 of 112 o 013 0 0 0 o o008l 120 0 o] 030 0 0
AR 122 1355 1355 4370] 4370 42.66 0 0 0] 502.93 o 103 0 0 0 of 1.22] 544.37 0 o] 4370 0 0
BIOMASS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ASH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S00T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of 600 6.00 0
SLAG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

**Volumetric and Mole flow values do not include biomass, ash, soot, or slag
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Table 43. Acid gas removal and sulfur recovery areas stream data for HT scenario

% % %
00‘_,)47 6‘0% 6;,747 % ‘/o% 4049 AN AN 40&, ‘/o% 40% ‘/c;@ &(/@ % &(,70 AN &, AN
NN NN SN SN SN SN AN AN AN AN AN R AN AN AN AN AN
HT A300AGR 2 o % 2 0 R/ 0 e % Q (%3 20 o) o 7o\ A300SUL 0 % 0, % TN BN\ B\ %
Temperature (C) 58 62 58 86 50 123 96 9| 86 50 50 40 58 62 45 50 53 53 50 25| 100) 50 50
Pressure (bar) 2275 2275| 22.75| 345] 345] 345 345| 2068] 345] 345] 345] 2482 2275 2275 2358 345] 345 345] 193] toi] 207 193 193
Vapor Fraction 000 o000 o00of ooff oo0of o000 o000] o000] o098 083 100] 100 093] 100 1.00 100 o049 too] oo0of foo] 1oof 100 093
Volume Flow* (m°/sec) | 0480 0| 0480 1590 of 0480] 0470] 0470 4820 3690| 3690 1.860| 3.410] 3.450] 1640 3690 0.010f 3700 0ol _ootof oofof 0.010] 0.010
Mole Flow** (kmolihr) | 84877] 699.000| 85576 85576] 342.110] 83848] 83848] 83848] 2070] 2070] 1728] 6419] 10788 10089] 5260 1728] 11.910] 1716 13.460] 2.070] 2.070] 2070] 2580
Mass Flow (tonnes/day) | 42560] 308.340 42868] 42868] 155.170] 41096] 41096 41096] 1928] t1928] 1773] 2967] 3685] 3377] 2130 1773] 7.930] 1765] 7.200] 1.590] 1590] 1.590] 2.320
H20 33956] 297.460] 34254 34254 144.090] 34206] 34226 34206] 171.270] 171.270] 27.180] 9.190[ 342.990] 45.530 0 27.180] 2.720[ 24460 4.040 0 0 0] 0450
co of 4640] 4640 4640 0.010] o0010] o00f0] 0.0f0[ 4630 4630 4620]999.010] 1823 1818] 823.540 4.620 o[ 4620 0 0 0 0 0
H2 0 0 0 0 0 0 0 0 0 0 0[ 154.260[ 288.340] 288.340] 134.080) 0 0 0 0 0 0 0 0
€02 t725] 1650] 1727 1727] 8690] 8690] 8690] 8690[ 1727] 1727] 1718] 1741] 191.660] 190.010] 175.740 1718 o 1718 0 0 0 0 0
02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o] 1.590] 1590] 1.590] 0.020
N2 17.430) o 17.430] 17.430] 0.020] 0.020] 0.020] 0.020] 17.430[ 17.430] 17.410] 17.430) 0 0 0 17.410 o[ 17410 0 0 0 0 0
CH4 o[ 0.080] 0.080] 0.080 0 0 0 o 0080[ 0.080] 0.080] 0.020] 63.490] 63.410] 63.470 0.080) o[ _0.080 0 0 0 0 0
C2Hp o odfio] otfo] 0.10 0 0 0 o odfio] o.fo] 010 0] 107.010] 106.900] 107.010 0.110 o[ 0110 0 0 0 0 0
C2H4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C2H2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c3 o odf1o[ otfo] 0.110 0 0 0 o of10] o.1fo] 0.110 0] 141.560] 141.450] 141.560 0.110 o[ 0110 0 0 0 0 0
[ o od470[ o.170] 0.70 0 0 0 o o470] o.170] 0.70 0] 167.550] 167.380] 167.550 0.170 o[ 0470 0 0 0 0 0
H2s 3.450 o] 3450] 3450] 0.060] 0060] 0060] 0.060] 3450] 3450[ 3390 3.480[ 0.030] 0.030 0 3.390] 3.390 0 0 0 0 o] 0030
NH3 0.010 o] _ooto] oot0] o.0to] ooto] o0010] o.0fo] 0010] 0.010 0[ 0010 0 0 0 0 0 0 0 0 0 0 0
TAR 0 0 0 0 0] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SULFUR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o] _3.160 0 0 0 0
CARBON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CHAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STEAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
802 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0] 0 0 0 0 0 0
NO2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MEA 6858 0] _6858] 6858 o] 6858] 6858 6858 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WAXES 0 0 0 0 0 0 0 0 0 0 0 0 0 0] 0 0 0] 0 0 0 0 0 0
C5 0 0 0 0 0 0 0 0 0 0 0 o 2290 2290] 2290 0 0 0 0 0 0 0 0
Cé 0 0 0 0 0 0 0 0 0 0 0 0| 2460] 2460] 2460 0 0 0 0 0 0 0 0
c7 0 0 0 0 0 0 0 0 0 0 0 of 11s0] 11507 1.150 0 0 0 0 0 0 0 0
cs 0 0 0 0 0 0 0 0 0 0 0 of 1180] 1.180] 1.180 0 0 0 0 0 0 0 0
9 o o00so] o0.080] o00s0] o.0fof o0010] o0.010] o0f0] 0080 0.080] 0080 o 1190 t110] 1190 0.080] 0.080 0 0 0 0 o] 0080
C10 0| 0030 0.030] 0030 0 0 0 0| 0030] 0.030] 0030 o 1.190] 1.160] 1.190 0.030] 0.030 0 0 0 0 o] 0030
Ccti of 0.330] 0.330] 0.330] 0.100] o0.100] o0.100] o0.t00[ 0.320] 0.320] 0.230 of 1.160] 0.830] 1.160 0.230] 0230 0 0 0 0 o[ 0230
Cc12 of o4fo] o4io] o040l 0280] 0280] 0280] 0.280[ 0.410] 0410] 0.130 of os40] o0.130] 0.540 0.130] 0.130 0 0 0 0 o] o130
C13 o o500] 0500] 0500] 0.460[ 0460] 0460] 0460] 0500 0.500] 0.040 o] 0520 0020] 0520 0.040] 0.040 0 0 0 0 o] 0040
Cl4 o o500] 0500] 0500] 0.490[ 0490] 0490] 0490] 0500 0.500] 0010 o[ 0500 o] 0500 0.010] 0.010 0 0 0 0 o] 0010
C15 of 0490] 0.490] 0.490] 0490 0490 0.490] 0.490] 0.490] 0490 0 o[ _0.490 0] 0490 0 0 0 0 0 0 0 0
C16 of o470] o0.470] 0470] o0470] 0470] 0470l 0.470[ 0.470] 0470 0 o] 0470 o] 0470 0 0 0 0 0 0 0 0
Ci7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
€20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cos o] 0080 0.080] 0080 0 0 0 o 0080] 0.080] 0080 0.470] 1290] 1.200] 1.120] 0.080] 0.080 0 0 0 0 o] 0080
AR o] 1220] 1220 1220 0 0 0 o] 1220] 1.220] 1.220] 42.660] 545.590] 544.370] 502.930) 1220 1.220 0 0 0 0 o] 1220
BIOMASS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ASH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SOoT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SLAG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

**Volumetric and Mole flow values do not include biomass, ash, soot, or slag
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Table 44. Fuel synthesis area stream data for HT scenario

A A A A A A A A A A A A A A A A P ” ” K&,
d"%&@ L%’%@ d‘%"‘b %)% %&0 d’ZD“Z:* &7‘?&0 %, d’77@ £ %?0 % &%""0 &7)&0 %“’o %“b &, L%O“b %’0 %&0 % NN

HT A400 NI N AN AN AN AN AN AN AN AN AN AN AN AN AN AN ANEANEANEANEANEA

Temperature (C) 62 76| 2000 200l a0 o] 417] 200] 209 @] 202] 48] o 45| 45| 4] 3] 45| o] 200 3] 3] a0 200
Pressure (bar) 2275 2600 2600] 2497 100] 100 2407 2358] 2407 2358 2496] 2358] 000 2358] 2358] 2358 22.00] 2358] 2496 24.06] 2220 100 100 2407
Vapor Fraction 100 10| 100] 100 too[ 10o] 100 100 7100] o8| oo 000 f00] 100 too[ 100] o000 too[ 1oo] 100 o000 t00] 100 1.00
Volume Flow”* (msec) | 3.45] 316] 420] 447] 126 oes] o0s| 4se] 44s| 27| see| o00of 274] 002 164 ot1] oot 10of o096 142 001] oe3] oes] o
Mole Flow™ (kmolihr) | 10089 10089] 10089] fo0s| 170.78] 89.51] 89.51 fo4as| 0998] 104s8| 1a108| 1575 sss7| 71.82] 5260 35546] 89.49] 5199 3199] 3199 1483 o0.27| 9027 004
Mass Flow (tonnes/day) | 8377 3877 8377] 3377] 60.18| 5581 5681] 4668] 8372 4668|4668 1069] 3599 29.08| 2130] 14395] 427.14] 1296| 1206| 1296] 641.34] 437 487 003
H20 4553 4553 4553] 4553 081 081 081 64207] 4559 64207 4558] 642070 o 0 of o 0 of o oesa o o o
o 1818] 1e18| 1818] 1818] 3240 s2.40| G5240] 1301 1ate| 1391] 2819 o 1391] 1124] 82354] 5565 o[ 50087] 500.87] 500.67 oo o o
He 268.34] 268.34] 288.34] 288.34] 514 077 077 22534] 283.07] 225.04] 36552 o[ 22652 1.83] 13408] 006 0] 815 8155 8155 o 437 4m] o
02 190.01[ 190.01 190.01 190.01] 339] 3.39| 3.89 296.89 190.01| 296.89 296.89 o| 296.90] 240] 17574 11.88] 0| 106.88] 106.88] 106.88 of o o o
02 o o o o o of o o o o ) I o o o o o o oo o o
N2 o o o o of o o o oo of o oo oo o o
Cha 6341] 6341 6341 6341] 113] 193] 113 10733] 6341] 107.03 10202 o[ 10723 o087] e347] 429 o[ 3860 3860 38.60 oo o o
C2He 106.90] 106.90[ 106.90] 10690 191] 1.91| 1.01| 16095] 106.90] 180.95] 171.99 of 180.79] 146| 10701] 723[ o 6508 6508 6508 of o o o
Can4 o o o o o of o o o ) I of o o o oo o o
C2H2 o o o o oo of o o o of o o o oo o o
cs 14145| 14145| 14145] 141.45] 250| 0252 262| 230.37| 141.45] 239.37] 2275 o[ 23016] 193] 14156] 057 0] 8610 86.10] 8610 oo o o
c4 167.08| 167.38] 167.38] 167.08] 298] 298] 2.08| 283.31] 167.38] 28331| 269.08 o[ 28306] 20| 167.55] 11.32 o[ 101.90] 101.90] 101.90 o o o o
H2S 003 o003 o003 o 0 of o o oo o o oo 0 of o o of o oo o oo
NH3 [ oo 0 oo 0 oo 0 o oo 0 of o of o oo o o
TAR o o o o oo oo oo oo oo oo o o
SULFUR o o o o oo oo o o o o o o o o o o
CARBON I ) I of o ) I ) I ) I ) I of o o o
CHAR o o of o of o ) I ) I of o of o oo o o
STEAM o o o o oo oo oo oo oo oo o o
502 o o o o o o o o o o o o o o o o o o
NO2 3 I of o o of o o of o o of o o ) I ) I of o o o
MEA o o of o o ) I ) I ) I of o of o oo o o
AR o o o o oo oo ) ) oo oo oo o o
WAXES o o o o o of 17022 of 17022 of 17022 o o o of 17022 o o oo o o
C5 220| 220] 229] 229 o004 004] 004 1936 220 1936] 369 1549 37| o003| 220] 015 1549 39| 139 139 of o o o
C6 246] 246] 246 246 004 004] 004 2081 246| 2081 396] 1665 416 003| 246] 017 1665 1.50] 150 150 o ) I
[ 195 115] 1.15] 1.15] 002 002 0.02| 1e49] 115 1949] 85| 1754] 195] o002| 115 008 1754 070 070 070 oo o o
c8 118 118] 1.18] 1.18] 002 002 002| 1099 118 1999] 1.00| 1799] 200] o002| 118 008 17.88] 072 072 079 o o o o
Cc9 1.1 1.1 1.11 1.1 0.02 0.02 0.02] 20.11 1.11]  20.11 1.83]  18.10] 2.01 0.02 1.19] 0.08] 18.10 0.72 0.72 0.72 0] 0] 0] 0
C10 116] 116 1.16] 1.16] 002 002 002[ 20.13| 16| 2043 1.88] 1812 201] 002 119 o008] t812| o072] o072 o072 o o o o
cti 083] o083| 083 083] 001 o001 o001 1958] oss| 1058 154 1762] 196 002 1.16] o0.08] 1762 o071 071 o071 oo o o
c12 013 o3| o013 o043 0 o o ta16] o013 1816 048] 1725 o001 001] 054 o004 1725 083 033 033 oo o o
C13 0.02 0.02 0.02 0.02 0] 0] 0] 17.58 0.02| 17.58 0.33] 16.70 0.88 0.01 0.52 0.04] 16.70 0.32 0.32 0.32 0] 0] 0] 0
C14 0] 0] 0] 0] 0] 0] 0] 17.01 0] 17.01 0.31] 16.16 0.85 0.01 0.50) 0.03] 16.16 0.31 0.31 0.31 0] 0] 0] 0
C15 o o ) I o o 1639 o 1639] o030] 1557 o082 001 o049 o003] 1557 028] 029 029 oo o o
Cl6 o o ) I oo 1572 of 1572[ o028 1493 o079 001 o047] o003] 1493] 028] 028] 028 oo o o
17 oo of o o oo 1479 of 1475 o 1475 o o o o 147 of o o of o o o
c18 o o f o o oo 1408 of 1205 o 1405 o o oo 1408 ) I oo o o
C19 o o o o o of 1335 o 1335 o 1335 o o o of 1339 o o o o o o
20 o o o o o of 1264 o e o 1264 o 0 o o t1o64 of o oo o o
oS 120 120 120 120 o002 o002 o0e| 188 120] 188 1.8 o[ tss| o002] 112 oos[ o oes| o068 o068 of o o o
AR 54437] 544.37] 544.37] 54487 0970] 970 9.70| 850.25| 544.37] 850.25] 850.25 o 849.66] 6.87] 50293 33.99] 0| 305.88 305.88] 305,88 of o o o
BIONASS [ oo o of o o of o o oo 0 of o o o o o oo o o
ASH o o o o o o o o oo o o o o oo o o
S00T o o o o oo o o oo oo oo oo o o
SLAG o of o o of o o of o o o I ) I ) I of o o o

**Vlolumetric and Mole flow values do not include biomass, ash, soot, or slag
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Table 45. Hydroprocessing, power generation, and air separation areas stream data for HT scenario

AN 4 4
A N g % /3’0 %’/ % < % %, % Q

HT A500 TN % 617“’0 617‘5’0 T\ % %0 N ANEANRANEANE %‘b &% &/)’(a HT ATOON, % %«; EANEANANEA o%

Temperature (C) 3] 5] 5] 3] 35| 87 0 45| 11a4] 273 0] 85| 73] 170 _ 565] 70l 32| 20] 16| A77] 18] _ 68
Pressure (bar) 2200 2220 2220 1.08] 2220] 1.0 _1.00 2358 100 _100] 1.01] 791 030 7.1 17338 620] 101 630] 1.0 1.88] 1.10] 29.97
Vapor Fraction 0.00] __1.00] 000 o000 o000] o000 1.00 1oo] 100 100 1.0 o000 o097 0.00] 000 oo _1.0o[ 100 too] 1.00] 098] .00
Volume Flow** (m¥sec) | 0.01]  0.02 0 o] oo oo1f 063 0.11] 11768] 4537] 2237] 001] 49.43] 0.01] o001 133 2007 440] 1973 104 558] 024
Mole Flow™ (kmolhr) | _89.49] 74,55 41.08] 41.08] 4897] 4897 90.27] 355.46]  3505] 3505] 3237] 1939] 1939 1939] 1939 3968] _4177] _4177] 3255] 921.35] 921.35] 921.35
Mass Flow (tonnes/day) | 427.14] 52.77] 112.62] 112.62] 266.11] 266.11] _ 4.37) 143.95] 2430|2439 2242] 838.24] 838.23] 838.23] 838.23 2758] _2003] 2903] 2189] 714.26] 714.26] 714.26
H20 0 0 0 0 0 0 0 o] 23343] 233.43 0| 838.24] 838.23] 838.23] 838.23 0 0 0 0 0 0 0
cO 0 0 0 0 0 0 0 55.65 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H2 0 0 0 0 0 o 437 9.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c02 0 0 0 0 0 0 0 11.88| 352.24] 352.24 0 0 0 0 0 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 o] 104.25] 104.25] 52727 0 0 0 0 638.58] 672.19] 672.19 o] 672.19] 672.19] 672.19
N2 0 0 0 0 0 0 0 o] _1715] 1715 1715 0 0 0 0 2084| _2104] 2104] 2180| 491] 491 491
CcHe o] 1494 0 0 0 0 0 429 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C2He 0 0 0 0 0 0 0 7.23 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CoH4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CoH2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C3 o 37.83 0 0 0 0 0 9.57 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c4 0 0 0 0 0 0 0 1132 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NH3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SULFUR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CARBON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CHAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STEAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
502 0 0 0 0 0 0 0 o[ o008 008 0 0 0 0 0 0 0 0 0 0 0 0
NO2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MEA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WAXES 170.22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C5 15.49 0 0 0 0 0 0 0.15 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Co 16.65 0 0 0 0 0 0 0.17 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c7 17.54 0 0 0 0 0 0 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c8 17.99 o] 11262] 11262 0 0 0 008 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C9 18.10) 0 0 0 0 0 0 008 o 0 0 0 0 0 0 0 0 0 0 0 0 0
10 18.12 0 0 0 0 0 0 0.08] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
i 17.62 0 0 0 0 0 0 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ci2 17.25 0 0 0 0 0 0 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c13 16.70 0 0 0 0 0 0 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cci4 16.16 0 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ci5 15.57 0 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ci6 14.93 0 0 o] 266.11] 266.11 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ci7 14.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ci8 14.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19 13.35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c20 12.64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cOS 0 0 0 0 0 0 0 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0 33.99] 33.99] 3399 0 0 0 0 0 3542] 37.28] 37.28] 0.12] 37.16] 37.16] 37.16
BIOMASS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ASH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S00T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SLAG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

**Vlolumetric and Mole flow values do not include biomass, ash, soot, or slag
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E.2 Low Temperature Scenario



Table 46. Overall area stream data for LT scenario

EANEL? AN 2 2 AN 2 < AN X 2 2 2 2 2 AN/ 2
B DA\ I B B B\ eI G a5

HT Overall Plant AN AN AN AN AN AN AN AN AN AN AN NG AN AN AN AN 7N AN NI AN AN ANE/ANI AN, AN AN )

Temperature (C) 5] o] 100|870l 2] 50| 243 oo 3| 85 @@ o[ 0] 50| so] 200 40| 50| o] 34| 60|  1ao] s00]  120] 2o 2| 16| 30
Pressure (bar) 01| _1.01] 101 27.55] 22.89] 345] 2800 1.00] 22.89] 22.89] 22.89] T.00| 22.89] 22.89] 22.80] 198 2686 207] 198] 00| 1.01] 22.00] 2500 1.98] 22.00] 101 140 Toi
Vapor Fraction 000] 000 1.00] 1oo] 100] 100 100 100] 100] o000 100 000] 1.00] 000] 000] 1.00] 000 000 100] 100] 100] 100 100] 100 000] 100 100 1.00
Volume Flow™ (misec) | 043 _0.14] 16.89] 476] 240] 284 007 2248] 150] o001 o042 o[ o002 0 o sos3] 002 o 4234 a084] 053] 03] 15| 470] o001 2317 1573 17.42
Mole Flow* (kmolhr) | _1542] 513.97] 1985] 4930] 7066] 1334] 17042 2053 4869] 69.40 394.75 o 57.67] ai78] 37.88] 9251] 2804] 556 9251] 2863 69.96] 722.81] 2313] 1028] 814.33 38| 2594] 2502
Mass Flow (tonnes/day) | _2667] 2222] _1375] 2930] _2706] _1380] 180.00] 1471] 2071] 330.42] 167.90] 118.88] 40.83] 87.12] 205.86] 4000] 1388] _3.10] 4000] 1955] _ 3.38] 561.66] 1000| 444.44] 352.00] 2313| 1744] 1746
Heo 66667 222.22 o] 413.42] 30.18] 2050 o[ 276 R 0 0 0 0 0 o[ 1060|240 of 18923 o0 o] _1000] 444.44] 352.00 0 0 0
o 0 0 o] 797.86] 1575 0 0 o] 795.10 o] 6447 0 0 0 0 o] 1527 0 3 0 0 0 0 0 0 0 0
He 0 0 o] 47.75| 16838 0 0 o] 120.71 o[ 979 0 0 0 0 o[ o007 0 o o] 338 0 0 0 0 0 0 0
o2 0 0 o] 1427] 167.80] 1359] 180.00 239.52] 559.11 o 4533 0 0 0 0 o] 263.09 0 o] 31835] 0 0 0 0 0 0 0 0
02 0 o] 32019 0 0 0 o] 148.99 0 0 0 0 0 0 0 0 0 0 o] 80.99] o] 528.66 0 0 o] 53565 o] 41078
N2 0 o[ 1055 0 0 0 o[ 1055 0 0 0 0 0 0 0 0 0 0 o[ 133 0 0 0 0 o i748| 1744|133
AR 0 0 o] _33.00] 41150 0 0 o[ 38061 o] 3086 0 0 0 0 o[ 069 0 o[ 3086] 0 33.00 0 0 o[ 2971 0.0 0
Cha 0 0 o] 703.81] 149.06 0 0 o] 5201 o] 422 o] 1156 0 0 o[ 458 0 [ 0 0 0 0 0 0 0 0
CaHg 0 0 o] 21.82] 2849 0 0 o] 1355 o[ 1.0 0 0 0 0 o[ 575 0 o 0 0 0 0 0 0 0 0
Caha 0 0 o] _44.96] 3605 0 0 o[ 036 o[ 003 0 0 0 0 o[ 811 0 oo 0 0 0 0 0 0 0 0
CoHe 0 0 o[ _4.10] 3950 0 0 o] 3654 o[ 29 0 0 0 0 o[ 098 0 0 0 0 0 0 0 0 0 0
c3 0 0 0 o 5418 0 0 o 5862 o[ 475 o 2927 0 0 0 0 0 [ 0 0 0 0 0 0 0 0
ca 0 0 0 of 431 0 0 o 4173 o[ 338 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0
Hes 0 0 o] 451 0.3 0 0 0 0 0 0 0 0 0 0 o187 0 oo 0 0 0 0 0 0 0 0
NH3 0 0 o[ 19.00] 152 0 0 o[ 028 o[ o002 0 0 0 0 o[ 1736 0 0 0 0 0 0 0 0 0 0
TAR 0 0 o 1057 0 0 0 0 0 0 0 0 0 0 0 o 1057 0 B 0 0 0 0 0 0 0 0
SULFUR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o 0 0 0 0 0 0 0 0
CARBON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o 0 0 0 0 0 0 0 0
STEAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 4000 0 ol 4000 0 0 0 0 0 0 0 0 0
502 0 0 0 0 0 0 o[ 030 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0
NO2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o] _oos] o0 0 0 0 0 0 0 0
MEA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o 0 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0
WAXES 0 0 0 0 0 0 0 0 o] 13146 0 0 0 0 0 0 0 0 o o 0 0 0 0 0 0 0 0
Cs 0 0 0 o[ 221 0 0 o[ 221 1192 018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C6 0 0 0 o] 237 0 0 o[ 237 1282 0.9 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
c7 0 0 0 o[ 111 0 0 o[ _1.11] 1353 0.9 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0
Cs 0 0 0 o 1.4 0 0 o[ _1.14] 1388 _0.09 0 o] 8712 0 0 0 0 oo 0 0 0 0 0 0 0 0
C 0 0 0 o[ 1.8 0 0 o[ 1.05] 1395] 0.09 0 0 0 0 0 0 0 o o 0 0 0 0 0 0 0 0
c10 0 0 0 o 1.3 0 0 o[ _1.15] 1398] 0.09 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0
Ci 0 0 0 o[ 050 0 0 o[ 054 1386] 0.04 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
ci2 0 0 0 o] o044 0 0 o[ 053] 1354 004 0 0 0 0 0 0 0 oo 0 0 0 0 0 0 0 0
c13 0 0 0 o] o034 0 0 o[ 051 13.10] 004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
i 0 0 0 o[ 020 0 0 o[ o049 1257 o008 0 0 0 0 0 0 0 o o 0 0 0 0 0 0 0 0
ci5 0 0 0 0 0 0 0 o[ o46| 1193 o004 0 0 0 0 0 0 0 o o 0 0 0 0 0 0 0 0
Ci6 0 0 0 o[ _oo4 0 0 o[ o045| 1148] 004 0 0 o] 20586 0 0 0 0 0 0 0 0 0 0 0 0
ci7 0 0 0 0 0 0 0 0 o] 1139 0 0 0 0 0 0 0 0 oo 0 0 0 0 0 0 0 0
c18 0 0 0 0 0 0 0 0 o] 10.85 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0
c19 0 0 0 0 0 0 0 0 o] 1031 0 0 0 0 0 0 0 0 oo 0 0 0 0 0 0 0 0
C20 0 0 0 0 0 0 0 0 o[ 976 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BIOMASS 2000] 2000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
ASH 0 0 o[ ot 0 0 o[ oot 0 0 o 118.88 0 0 0 0 0 0 oo 0 0 0 0 0 0 0 0
CHAR 0 0 o[ o8l 0 0 0 0 0 0 0 [ 0 0 0 0 0 o o 0 0 0 0 0 0 0 0

**Volumetric and Mole flow values do not include biomass, ash, or char

LST



Table 47. Preprocessing area stream data for LT scenario

HT A100 & &

Temperature (C) 25 25 25 0 90 200 120 120 90 90)

Pressure (bar) 1.01 1.01 1.01 0.00 1.01 1.98 1.98] 1.98] 1.01 1.01 0.00

Vapor Fraction 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00]

Volume Flow** (ma/sec) 0.43 0.43 0.43 0] 0.14] 50.53[ 42.34 4.70 0.14 0.14

Mole Flow** (kmol/hr) 1542 1542 1542 0] 513.97 9251 9251 1028] 513.97[ 513.97

Mass Flow (tonnes/day) 2667| 3181 2667) 514.02 2222 4000 4000] 444.44 3019 2222| 796.81

H20 666.67| 666.67| 666.67 444.44| 222.22| 222.22

co

H2

C02

ololo|o|olo|o|olo|o|o|olo|o|olo|o|o

o
o
S
=}
IS
o
S
S

=z

o

o
olololo|o|olo|o|o|olo|o|olo|o|olo|o|ololo|o|olo|o|o|olo|o|olo|o|olo|o|o|olo|o
[=1 (=) [=) (=) [=] [=) [=) [=) [=) [=) (=) [=Y[=]) (=X f=Y (=Y (=) =Y E=) (=) (=YK= (=) =) K=Y (=) [=) k=1 (=Y (=Y (=% (=1 [=) (=} (=2 (=] [=) =} =]
olololo|o|olo|o|o|olo|o|olo|o|olo|o|o|olo|o|olo|o|o|o|o|o|olo|o|o|o|o|o|olo|o|o
olololo|o|olo|o|o|olo|o|olo|o|olo|o|ololo|o|olo|o|o|olo|o|olo|o|olo|o|o|olo|o
ololololo|ololo|ololo|ololo|o|olo|o|ololo|olololo|ololo|o|ololo|ololo|ololo|o

BIOMASS 2000f 2514] 2000 514.02

n
(=1
S
S

279 2000] 796.8

ol=lololololololololololololololololololololololololololololololololololololololo

ASH 0] 0 0 0]

(=]

olololo|o|o|o|o|ololo|o|olo|o|olo|o|ololo|o|o|olo|o|olo|o|o|o|o|o|olo|o|ololo|o|o]o
(=1 (=] B [=1 (=) (=) [=) (=) [=) (=) (=3 f=Y (=] (=X K=Y (=Y (=) [=Y[=1 (=) =Y K=Y (=] [=) k=1 (=Y (=) (=) (=) E=Y (=2 (=3 (=) (=} (=2 k=1 (=] (=} (=1 (=)

(=1 (=) =) (=) [=Y [=) (=) (=) [=) (=) (=) [=Y (=) (=X K=Y (=) (=} =M (=Y (=) [=Y K=Y (=} [=)
olololo|o|o|o|o|o|olo|o|olo|o|olo|o|ololo|o|o]o

CHAR 0 0 0 0

(=
[=

*“*Volumetric and Mole flow values do not include biomass, ash, or char

84T



Table 48. Gasification area stream data for LT scenario

P AN AN AN\ AN & Nl & & @
DN 23’@ DN B\ N\ N\ R %‘"4/ N\ I\ B B\ T e ey
HT A200 AN AN AN ANEANEANR AN AN AN ANNAN AN AN A AR AERANEAR
Temperature (C) 1200 0 o[ &m0 0 [ ] I T S o[ 870 243 d00]  200] 200|120 _ 149] _ 204
Pressure (bar) 1.00 1.00 1.00) 27.57] 27.57| 27.55] 28.00] 27.58 1.01 1.01 2755 27.55] 28.00] 27.58 1.00| 1.98 1.98] 22.00] 22.00
Vapor Fraction 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
Volume Flow** (ma/sec) 69.99 0 0 2.38] 0| 0 4.69) 4.76] 16.89 ) 0 4.76) 0.07] 0.05] 2248 50.53] 42.34 0.32 0.01
Mole Flow™ (kmolihr) | 2053 0 o[ _2470 0 o 4931 4939] 1985] 513,97 o] 4939 17042] 161.90] 2053] oe51| 9251] 722.81] 814.33
Mass Flow (tonnes/day) 1471 17.82] 118.88 1477| 95.38] 12.09 3136 3145 1375 2222 214.95 2930 180.00] 171.00] 1471 4000 4000 561.66] 352.09
H20 27.16] 0 0] 206.71 0 0] 413.42] 413.42 0| 222.22 0] 413.42 0 0] 27.16] 0 0 0] 352.09
Co 0 0 o] 398.93 0 o] 797.86] 797.86 0 0 o] 797.86 0 0 0 0 0 0 0
H2 0 0 0] 23.87 0] 0| 47.75] 47.75 0 0] 0] 47.75 0 0 0 0 0 0 0
C02 239.52 0 0| 713.66 0| 0 1418 1427 0 ) 0 1427 180.00] 171.00] 239.52 0 0 0 0
02 148.99 0 0 0 0 0 0 o] 32019 0 0 0 0 o] 148.99 0 o] 52866 0
N2 1055 0 0 0 0] 0 ) 0| 1055 0] 0 0 0 0 1055 0 0] 0] 0
AR 0 0 o _1650 0 o _33.00] 3300 0 0 o] _33.00 0 0 0 0 o] 3300 0
cha 0 0 o[_51.90 0 o] 10381] 10381 0 0 o] 10381 0 0 0 0 0 0 0
C2H6 0 0 0] 10.91 0] 0 21.82] 21.82 0 0 0] 21.82 0 0 0 0 0 0 0
C2H4 0 0 0f 22.48 0| 0| 44.96] 44.96 0 0| 0] 44.96 0 0 0| 0 0| ) 0
CeHe 0 0 o[ 205 0 o[ 410|410 0 0 o[ 410 0 0 0 0 0 0 0
c3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H2s 0 0 o 225 0 o[ 451 451 0 0 o[ 451 0 0 0 0 0 0 0
NH3 0 0 o[ 954 0 o _19.09] 19.09 0 0 o _19.09 0 0 0 0 0 0 0
TAR 0 0 0 5.29] 0| 0| 1057] 10.57 0 0| 0] 10.57 0 0 0| 0 0| 0| 0
SULFUR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CARBON 0 0 0 0 0] 0 ) 0| 0 0] 0 0 0 0 0] 0 ) 0] 0
STEAM 0 0 0 0 0| 0 0| 0| 0 0| 0 0 0 0 0| 4000 4000 0 0
02 030 0 0 0 0 0 0 0 0 0 0 0 0 o[ 030 0 0 0 0
NO2 0 0 0 0 0] 0 ) 0| 0 0] 0 0 0 0 0] 0 ) 0] 0
MEA 0 0 0 0 0| 0 0| 0| 0 0| 0 0 0 0 0| 0 0| 0| 0
AR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WAXES 0 0 0 0 0] 0 0| 0| 0 0] 0 0 0 0 0] 0 0] 0] 0
cs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C7 0 0 0 0 0| 0 ) 0| 0 ) 0 0 0 0 0| 0 ) ) 0
c8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C10 0 0 0 0 0| 0 ) 0| 0 ) 0 0 0 0 0| 0 0| 0| 0
ct 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ci2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C13 0 0 0 0 0| 0 ) 0| 0 ) 0 0 0 0 0| 0 0| 0| 0
cl4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C16 0 0 0 0 0| 0 ) 0| 0 ) 0 0 0 0 0| 0 0| 0| 0
c17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C19 0 0 0 0 0| 0 ) 0| 0 ) 0 0 0 0 0| 0 0| 0| 0
C20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BIOMASS 0 0 0 0 0 0 0 0 o] _2000 0 0 0 0 0 0 0 0 0
ASH 0.01 17.82] 118.88 7.19]  52.75 6.69] 119.90] 119.90 0 0] 118.89 1.01 0 0 0.01 0 ) ) 0
CHAR 0 0 o 581 4263 540 9687] 9687 0 o _96.06] 081 0 0 0 0 0 0 0

**Volumetric and Mole flow values do not include biomass, ash, or char
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Table 49. Syngas cleaning area stream data for LT scenario

& & ) & & &) Ie) ) Ie) o)
22 BB B B\ B 2 S\ e\ B\ ) B\ e\ %
HT A300 Ne) Ne g % g AN Q &) Q> Q, o o) EANEEN & N N BN\ %
Temperature (C) 194 150] 870 50 194 0| 40 50 62) 50 243 32 30) 30] 40 50] 98| 40 50 50
Pressure (bar) 27.55) 27.55) 27.55 3.45 27.55 27.55 26.86) 3.45 22.89 3.45 28.00 22.89 27.57 27.57 26.86 2.07 27.55 27.55 2.07 2.07
Vapor Fraction 0.00 0.00 1.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00) 0.00 0.00 0.00 0.00 0.00 0.00 1.00] 1.00]
Volume Flow** (ma/sec) 0.08 0.08 4.76 3.28] 2.03] 0| 0.98] 3.21 240 2.84 0.07 1.50) 0 0.01 0.02 0] 0.07 0.07 0] 0.10
Mole Flow** (kmol/hr) 13877] 13877 4939 1538 5286 0| 3638 1505 7066 1334 170.42 4869] 346.93 1156 2804 5.56] 13877] 13877 045 27.74
Mass Flow (tonnes/day) 6000] 6000] 2930 1586 3078 1.82 2190] 1560 2706 1380 180.00 2071] 150.00] 500.00 1388 3.10 6000 6000 0.35 22.89
H20 6000) 6000] 413.42 22.78] 563.42 0] 3.78 20.50 30.18 20.50 0] 0] 150.00] 500.00 1060 2.40 6000 6000 0| 0.27
Cco 0| 0] 797.86 3.07] 797.86 0] 782,59 0 1575 0| 0] 795.10 0 0| 15.27 0] 0 0 0| 3.07
H2 0] 0] 47.75 0 47.75 0] 47.68] 0] 168.38 0] 0] 120.71 0 0] 0.07 0] 0 0 0] 0]
C0o2 0] 0] 1427, 1539 1427 0] 1164 1539] 167.80 1359 180.00f 559.11 0 0] 263.09) [Y) 0 0 0] 0]
02 0| 0| 0 0 0] 0| 0| 0 0 0| 0] 0 0 0] 0| 0] 0 0 0.35 0|
N2 0] 0] 0 0 0] 0] 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
AR 0] 0] 33.00 1.42 33.00 0] 32.31 0] 411,50 0] 0] 380.61 0 0] 0.69 [Y) 0 0 0] 1.42
CH4 0| 0] 103.81 2.18] 103.81 0] 99.23 0] 149.06 0| 0] 5201 0 0| 4.58 0] 0 0 0| 2.18
C2H6 0] 0] 21.82 11 21.82 0] 16.07] 0 28.49 0] 0] 13.55) 0 0] 5.75 0] 0 0 0] 1.1
C2H4 0] 0] 44.96 1.14] 4496 0]  36.85) 0 36.05 0] 0] 0.36 0 0] 8.11 [Y) 0 0 0] 1.14]
C6H6 0| 0| 4.10 0.15 4.10 0| 3.11 0 39.50 0| 0] 3654 0 0] 0.98 0| 0 0 0] 0.15
C3 0] 0] 0 4.29 0] 0] 0] 0 54.18 0] 0] 5862 0 0] 0] 0] 0 0 0] 4.29
C4 0] 0] 0 6.73 0] 0] 0] 0 34.31 0] 0 4173 0 0] 0] 0] 0 0 0] 6.73
H2S 0| 0| 4.51 248 4.51 0| 2.64 0 0.13 0| 0| 0 0 0] 1.87] 0| 0 0 0| 1.73]
NH3 0] 0] 19.09) 0.42 19.09 0] 1.73] 0 1.52 0] 0] 0.28 0 0] 17.36 0] 0 0 0] 0.42
TAR 0] 0] 10.57 0 10.57 0] 0] 0 0 0] 0] 0 0 0] 10.57 0] 0 0 0] 0]
SULFUR 0| 0| 0 0 0| 0| 0] 0 0 0| 0| 0 0 0| 0| 0| 0 0 0] 0]
CARBON 0] 0] 0 0 0] 0] 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
STEAM 0] 0] 0 0 0] 0] 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
S02 0| 0| 0 0 0| 0] 0| 0 0 0| 0| 0 0 0| 0| 0| 0 0 0] 0|
NO2 0] 0] 0 0 0] 0] 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
MEA 0] 0] 0 0 0] 0] 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
AR 0| 0| 0 0 0| 0| 0] 0 0 0| 0| 0 0 0| 0| 0] 0 0 0| 0|
WAXES 0] 0] 0 0 0] 0] 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
C5 0] 0] 0 0 0] 0] 0] 0 2.21 0] 0] 2.21 0 0] 0] 0] 0 0 0] 0]
C6 0| 0| 0 0 0| 0| 0] 0 2.37 0| 0| 2.37 0 0| 0| 0| 0 0 0] 0]
C7 0] 0] 0 0 0] 0] 0] 0 111 0] 0] 111 0 0] 0] 0] 0 0 0] 0]
C8 0] 0] 0 0 0] 0] 0] 0 1.14 0] 0] 1.14 0 0] 0] 0] 0 0 0] 0]
C9 0| 0| 0 0.07 0| 0| 0] 0 1.08] 0| 0| 1.15) 0 0] 0| 0| 0 0 0] 0.07
C10 0] 0] 0 0.02 0] 0] [Y) 0 1.13) 0] 0] 1.15) 0 0] 0] 0] 0 0 0] 0.02
Ci1 0] 0] 0 0.03 0] 0] 0] 0 0.50 0] 0] 0.54 0 0] 0] 0] 0 0 0] 0.03
C12 0| 0| 0 0.07 0| 0| 0| 0 0.44 0| 0| 0.53 0 0] 0| 0| 0 0 0| 0.07
C13 0] 0] 0 0.10 0] 0] [Y) 0 0.34 0] 0] 0.51 0 0] 0] 0] 0 0 0] 0.10
C14 0] 0] 0 0.09 0] 0] 0] 0 0.20 0] 0] 0.49 0 0] 0] 0] 0 0 0] 0.09
C15 0| 0| 0 0 0| 0| 0| 0 0 0| 0| 0.46 0 0] 0| 0| 0 0 0| 0|
C16 0] 0] 0 0.02 0] 0] [Y) 0 0.04 0] 0] 0.45 0 0] 0] 0] 0 0 0] 0.02
Ci7 0] 0] 0 0 0] 0] 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
C18 0| 0| 0 0 0| 0| 0| 0 0 0| 0| 0 0 0] 0| 0| 0 0 0| 0|
C19 0] 0] 0 0 0] 0] 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
C20 0] 0] 0 0 0] 0] 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
BIOMASS 0| 0| 0 0 0| 0| 0| 0 0 0| 0| 0 0 0| 0| 0| 0 0 0] 0|
ASH 0| 0] 1.01 0 0] 1.01 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]
CHAR 0] 0] 0.81 0 0] 0.81 0] 0 0 0] 0] 0 0 0] 0] 0] 0 0 0] 0]

**Volumetric and Mole flow values do not include biomass, ash, or char
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Table 50. Acid gas removal and sulfur recovery areas stream data for LT scenario

N N N BN N\ T\ TN N TN TN N B\ T\ T\ EANEANE2ANEANEANE?
N N NI N N N N NN AN AN AN AN AN AN AN AN >
HT A300AGR ) Yo Yo T Y R % 5 (o Q (o o o o 7o\ A300SU\. @y % o ANANE
Temperature (C) sl 62l  so] oo 50| 129 e s o3 s s 4]  so| e 3 sl sl s sl sl 50
Pressure (bar) 22.89 22.89 22.89) 3.45 3.45] 3.45) 3.45) 26.00 3.45) 3.45) 3.45] 26.86) 22.89) 22.89) 22.89) 3.45) 3.45] 3.45 2.07 2.07 2.07
Vapor Fraction 0.00] 0.00 0.00 0.00 0.00] 0.00] 0.00] 0.00] 1.00 0.88] 1.00 1.00 0.93 1.00 1.00 1.00 0.82 1.00 0.00 1.00 1.00
Volume Flow™* (ma/sec) 0.31 0| 0.31 0.33 0| 0.31 0.30) 0.30] 4.24 3.28] 3.28] 0.98 2.30 2.40 1.50 3.28] 0.06] 3.21 0| 0| 0.10
Mole Flow™ (kmolhr) | 54067] 449.42] 54516 54516 20783 62978] 52978 52978] 1746 1746|1538 3638  7515] 7066] 4869 1538 33.00 1506] 566 048] 2774
Mass Flow (tonnes/day) 28640] 208.71] 28848| 28848 101.05] 27263] 27263] 27263 1687] 1687] 1586 2190 2915 2706 2071 1586]  25.65, 1560 3.10 0.35] 22.89
H20 20923] 181.16] 21104] 21104 82.74] 21081] 21081] 21081] 105.52] 105.52 22.78 3.78] 211.34 30.18] 0| 22.78 2.28] 20.50 2.40 0| 0.27
€0 o _sor] sor] a0 0 0 0 o _so07] so07| 307 78259 1578] 1575 79510 307l 307l o o o so7
Ho 0 0 0 0 0 0 0 0 0 0 o _47.68] 16838 168.38] 12071 o o o o o o
c02 1551 450 1556|1556 1615| 1615| 1615| 165] 1566] 1556] 1539] 1164] 172.33] 167.80] 559.11 el o a9l o o o
02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o o oz o
N2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o
AR 0 1.42 1.42 1.42 0| 0 0 0 1.42 1.42 1.42 32.31] 412.92] 411.50] 380.61 1.42 1.42 0| 0| 0| 1.42
cHa of 18] 219 219 o001 00| 001 001 219] 219] 218] 093] 15124 149.06] 5201 218 218 o o o 218
C2H6 0 1.13 1.13 1.13 0.02) 0.02] 0.02] 0.02] 1.13 1.13 1.1 16.07] 29.62 28.49) 13.55] 1.11 1.1 0] 0] 0] 1.1
C2H4 0 1.16 1.16 1.16 0.01 0.01 0.01 0.01 1.16 1.16 1.14 36.85] 37.21 36.05] 0.36] 1.14 1.14 0| 0| 0| 1.14
Cétie o o] 0w o5 0 0 0 o _ots| _o15| o15| 311 3965 3950] 3654 015 015 o o o o5
C3 0 4.44 4.44 4.44 0.15] 0.15] 0.15] 0.15] 4.44 4.44 4.29 0] 58.62 54.18, 58.62 4.29 4.29 0] 0] 0] 4.29
C4 0 7.42 7.42 7.42 0.69) 0.69) 0.69) 0.69) 741 741 6.73] 0] 41.73] 34.31 41.73] 6.73] 6.73] 0] 0] 0] 6.73
H2S 251 o0l 252 282 004 00 00 o004 25J 252 248 264] 013 013 0 248 28] o o o 17
NH3 0 0.49 0.49 0.49 0.07] 0.07] 0.07] 0.07] 0.49) 0.49) 0.42 1.73 2.01 1.52 0.28] 0.42) 0.42 0] 0] 0] 0.42
TAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o
SULFUR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o o o o
CARBON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o
STEAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o o o o
502 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o o o o
NO? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o
MEA 6163 o _eies] 6163 o _eiea| eiea| 6168 0 0 0 0 0 0 0 of o o o o o
AR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o o o o
WAXES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o
c5 0 0 0 0 0 0 0 0 0 0 0 o221 221 oot of o o o o o
c6 0 0 0 0 0 0 0 0 0 0 0 o237 237 a7 of o o o o o
C7 0 0| 0| 0| 0| 0 0 0 0 0 0| 0| 1.11 1.11 1.11 0 0| 0| 0| 0| 0|
c8 0 0 0 0 0 0 0 0 0 0 0 o _tia] t1e] 11 of o o o o o
co o oo oo oo 0 0 0 o oo oo oo o 115 108 115 07 o007l o o o[ oo
C10 0 0.02 0.02 0.02 0| 0 0 0 0.02] 0.02] 0.02 0| 1.15 1.13 1.15 0.02] 0.02 0| 0| 0| 0.02
Ci1 o ool oo o0 0 0 0 o ool oo 003 o o054 050 05 003 o003l o o o o003
ci2 of o8| o008 o008 002] 00| 00| 002 008 008 007 o053 o044 053 007 o007l o o o[ oo
C13 0 0.17 0.17 0.17 0.08] 0.08] 0.08] 0.08] 0.17] 0.17] 0.10] 0| 0.51 0.34 0.51 0.10] 0.10] 0| 0| 0| 0.10
cia o o2s] o2s] o029 o020] o020] 020] 020 029 029 009 o o049 o020 o049 00s] o009l o o o 009
ci6 o oa6| oa6[ oa6| o046| o046] 046 046 046 046 0 oo o046 of o o o o o
C16 0 0.41 0.41 0.41 0.38] 0.38] 0.38] 0.38] 0.41 0.41 0.02 0| 0.45 0.04 0.45] 0.02] 0.02 0| 0| 0| 0.02
ct7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o o o o
cig 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o o o o
ci9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o
c20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o o o o
BIOVASS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o[ o o o
ASH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o
CHAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 of o o o o o

**Volumetric and Mole flow values do not include biomass, ash, or char
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Table 51. Fuel synthesis area stream data for LT scenario

A A A A A A A A A
T T B BN % 5, B % % ) % ) 1 T T B\ B ) &,
e S, e e %, 3, o 5 £ e % e % S, e e 3, %, 2
HT A400 e i T o o g o > > o > i > i T i T » )
Temperature (C) 62 78 200 200 60 235 200 200 35 32 3 32 35 32 32 4 200 35 60
Pressure (bar) 2289 2650  25129]  25.12 101] o500 2496] 2089| 2089] 2289 2089 2089 2089 2289 2289 2530  24.96] 2289 1.01
Vapor Fraction 1.00 1.00 1.00 1.00 0.8 1.00 1.00 1.00 0.72 1.00 0.00 1.00 0.00 1.00 1.00 1.00 1.00 0.00 1.00
Volume Flow** (m’/sec) 2.40) 2.18 444 0.07 0.65 0.05 5.02 4.39 2.08 2.02 0.01 150 0.01 0.12 0.41 0.38 0.58 0.1 0.53
Mole Flow (kmol/hr) 7066]  7066] 10153 166.97] 97.01] o7.01] 11309] o268  o268]  e579] 70.21|  4869]  69.40] 30475  1316]  1316]  1316]  2619] 9.9
Mass Flow (tonnes/day) 2706]  2706]  3705] 6093 57.55] 5755  4261]  4261] 4261] o2ro8] 330.77]  2071] 33042] 167.90] 55066] 559.66] 55066 1132 3.38
H20 3018 3018]  er191]  11.05] 11.08]  11.05] erisf 133 1133 0 0.43 0 0.09 0 0 0 of 1132 0
[ 1575  1575]  1576] 2592] 2592] 2592 1791 1074 1o74] 1074 o] 79510 o e447] 21489 21480 21489 0 0
H2 168.38]  168.38] 24213 3.98 0.60 060] 27137 16312] 163d2| 16312 o] 12071 0 9.79] 3262 3262 3062 0 3.38
02 167.80]  167.80  604.44 9.94 9.94 9.04] 75555] 75555] 75655 756.55 0] 559.11 of 4533 15111 151a1] 15111 0 0
02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AR 41150]  411.50] _411.50 6.77] 6.77 6.77] 51436 514.36] 51436] 51434 0| 38061 o 3086 10287] 102.87] 10287 0 0
CH4 149.06]  149.06]  52.13 0.8 0.86 0.86] 66.19] 7029] 7020 7029 o 5201 0 422  14.06]  14.06]  14.06 0 0
C2He 2849 2849 7.72 0.1 0.13 013 1138] 1830] 1830] 18.30 o 1355 0 1.10 3.66 3.66) 3.66 0 0
C2H4 36.05]  36.05 0.39 0.01 0.01 0.01 0.49 0.49) 0.49) 0.49) 0 0.36 0 0.03 0.10 0.10) 0.10 0 0
CéHe 39.50 3950 39.50 0.65 0.65 0.65] 4938 4938] 4938 49.38 o 3654 0 2.96 9.8 9.88 9.8 0 0
c3 5418]  b5418]  54.18 0.89) 0.89 089 7002| 7od6] 7o46] 79.22 o 5862 0 475]  1584]  1584] 1584 0 0
Cc4 3431 3431] 3431 0.5 0.56 056] 4559  5643] 5643 5640 o 4173 0 33|  1128] 11.28] 1128 0 0
H2S 0.13 0.13 0.01 0 0 0 0.01 0.01 0.01 0.01 0 0 0 0 0 0 ol 0 0
NH3 152 152 0.30 0 0 0 0.38 0.38 0.38 0.38 0 0.28 0 0.02 0.08 0.08 0.08 0 0
TAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SULFUR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CARBON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STEAM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
502 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NO2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MEA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WAXES 0 0 0 0 0 0 o 13146] 13146 of 13146 o] 13146 0 0 0 0 0 0
c5 2.21 2.21 2.21 0.04 0.04 0.04 280 1491 1491 298] 1192 221 1192 0.18 0.60 0.60 0.60 0 0
C6 2.37] 2.37 2.37 0.04 0.04 0.04 30| 16.02] 1602 320 1282 237 1282 0.19 0.64 0.64 0.64 0 0
[ 111 111 111 0.02 0.02 0.02 141 1508]  15.0 150 1353 111 1353 0.09 0.30 0.30 0.30 0 0
c8 1.14 114 1.14 0.02 0.02 0.02 145 1542] 1542 154 1388 114 1388 0.09 0.31 0.31 0.31 0 0
c9 1.08 1.08 1.08 0.02 0.02 0.02 139 1550] 1550 155 1395 115 1395 0.09 0.31 0.31 0.31 0 0
c10 113 113 113 0.02 0.02 0.02 144 1554] 1554 155 1398 115]  13.98 0.09 0.31 0.31 0.31 0 0
cii 0.50 0.50 0.50 0.01 0.01 0.01 065 1459 1459 0.73] 136 054 1386 0.04 0.15 0.15) 0.15 0 0
ci2 0.4 0.4 0.4 0.01 0.01 0.01 059 1426 1426 ori| 1354 053] 1354 0.04 0.14 0.14 0.14 0 0
ci3 0.34 0.34 0.34 0.01 0.01 0.01 047] 1379 1379 069] 1310 051 1310 0.04 0.14 0.14 0.14 0 0
cl4 0.20) 0.20 0.20 0 0 0 034 1323] 1323 0.66] 1257 049 1257 0.04 0.13 0.13 0.13 0 0
ci5 0 0 0 0 0 0 013 1255 1255 063 1193 046 1193 0.04 0.13 0.13 0.13 0 0
C16 0.04 0.04 0.04 0 0 0 0.16] _ 12.08]  12.08 060 1148 045 1148 0.04 0.12 0.12 0.12 0 0
ci7 0 0 0 0 0 0 of 1139 1139 o 1139 ol 1139 0 0 0 0 0 0
ci8 0 0 0 0 0 0 o 1085|1085 o 1085 ol 1085 0 0 0 0 0 0
c19 0 0 0 0 0 0 o 1031 1031 o 1031 ol 1031 0 0 0 0 0 0
Cc20 0 0 0 0 0 0 0 9.76 9.76 0 9.76 0 9.76) 0 0 0 0 0 0
BIOMASS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ASH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CHAR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

**Volumetric and Mole flow values do not include biomass, ash, or char
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Table 52. Syngas conditioning area stream data for LT scenario

AN NN NN N N NN N
%, % %, %, % % %, % % % %

HT A400COND gy g gy e T gy Ry e e gy Y

Temperature (C) 78 150 150 870 870 300 300 474 363 200 300

Pressure (bar) 26.50) 2650 26.50 2650 25.81 25.81 2581 25.12 25.12 25.12 25.00

Vapor Fraction 1.00) 1.00) 1.00 1.00] 1.00) 1.00 1.00] 1.00) 1.00) 1.00] 1.00]

Volume Flow* (m°/sec) 2.18 2.64 2,64 7.08 10.44 5.4 1.83 2.46 5.98 444 1.15

Mole Flow* (kmolhr) 7066, 7066, 7063 7063 10153] __ 10153 3554 3554 10153] 10153 2313 3.12

Mass Flow (tonnes/day) 2706 2708 2705 2705, 3705 3705 1297 1297 3705 3705, 1000 134
H20 30.18 30.18 30.18 30.18] _ 850.65] _ 85065  207.73]  118.99]  671.91] _ 671.91 1000 0
Cco 1575 1575 1575 1575| 1854 1854 64881] 37091 1576 1576 0 0 0
H2 168.38] _ 168.08] _ 168.08]  168.38] _ 222.13|  222.13 71.75 97.75] _ 24213] 24213 0 0 0
02 167.80] _ 167.80] _ 167.80] _ 167.80] _ 167.80] __ 167.80 58.73| _ 49537] _ 604.44| 60444 0 0 0
02 0 0 0 0 0 0 0 0 0 0 0 0 0
N2 0 0 0 0 0 0 0 0 0 0 0 0 0
AR 41150] __ 411.50] _ 411.50]  41150] _ 41150] 41150 14402  14402] _ 41150] 41150 0 0 0
CH4 149.08] 14906 _ 149.06] _ 149.06 52.13 52.13 18.25 18.25) 52.13 52.13 0 0 0
C2He 28.49) 28.49 28.49 28.49 7.72 7.72 2.10 2.70 7.72 7.72 0 0 0
C2H4 36.05 36.05 36.05 36.05 0.39 0.39 0.14 0.14 0.39 0.39 0 0 0
C6H6 39.50 39.50 39.50 39.50 39.50 39.50 13.83 13.83 39.50 39.50 0 0 0
c3 5418 5418 54.18 54.18 54.18) 54.18 18.96 18.96 5418 54.18 0 0 0
c4 34.31 34.31 34.31 34.31 34.31 34.31 12.01 12.01 34.31 34.31 0 0 0
H2s 0.13 0.13 0.01 0.01 0.01 0.01 0 0 0.01 0.01 0 0 0.12
NH3 152 152 0.30 0.30 0.30 0.30 0.11 0.1 0.30 0.30 0 0 121
TAR 0 0 0 0 0 0 0 0 0 0 0 0 0
SULFUR 0 0 0 0 0 0 0 0 0 0 0 0 0
CARBON 0 0 0 0 0 0 0 0 0 0 0 0 0
STEAM 0 0 0 0 0 0 0 0 0 0 0 0 0
502 0 0 0 0 0 0 0 0 0 0 0 0 0
NO2 0 0 0 0 0 0 0 0 0 0 0 0 0
MEA 0 0 0 0 0 0 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0 0 0 0 0 0 0
WAXES 0 0 0 0 0 0 0 0 0 0 0 0 0
c5 2.21 2.21 2.21 2.21 2.21 2.21 0.77] 0.77] 2.21 2.21 0 0 0
C6 2.37 2.37 237 2,37 2.37 2.37 0.83 0.83 2.37 2,37 0 0 0
[ 111 111 111 111 111 111 0.39 0.39 111 111 0 0 0
c8 114 114 114 114 114 114 0.40) 0.40) 114 114 0 0 0
Cc9 108 108 1.08 1.08 1.08 1.08 0.38 0.3 108 1.08 0 0 0
ci0 113 113 113 1.13 113 113 0.40 0.40 113 1.13 0 0 0
Cii 0.50 0.50 050 0.50 0.50 0.50 0.1 0.1 0.50 0.50 0 0 0
ci2 0.4 0.4 0.44 0.44 0.4 0.44 0.1 0.16 0.4 0.44 0 0 0
Ci3 0.34 0.34 0.34 0.34 0.34 0.34 0.12 0.12 0.34 0.34 0 0 0
Ci4 0.20 0.20 0.20 0.20) 0.20 0.20 0.07] 0.07] 0.20 0.20) 0 0 0
Ci5 0 0 0 0 0 0 0 0 0 0 0 0 0
Ci6 0.04 0.04 0.04 0.04 0.04 0.04 0.01 0.01 0.04 0.04 0 0 0
ci7 0 0 0 0 0 0 0 0 0 0 0 0 0
Cis 0 0 0 0 0 0 0 0 0 0 0 0 0
Ci9 0 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0 0
BIOMASS 0 0 0 0 0 0 0 0 0 0 0 0 0
ASH 0 0 0 0 0 0 0 0 0 0 0 0 0
CHAR 0 0 0 0 0 0 0 0 0 0 0 0 0

*“*Volumetric and Mole flow values do not include biomass, ash, or char
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Table 53. Hydroprocessing, power generation, and air separation areas stream data for LT scenario

EANEANEK 4 4 4
AN ARG Q N < o , ]

HT A500 BON, TN\ TN TN, N, 2o\, N o AN AN ANEA %%b “ NN AN AR

Temperature (C) B s s 5] s 5] e 2] riel] e s s 23] 7o) 399 70 ® 2 6 3 6 55
Pressure (bar) 2289 2289] 2089 2280 2269 2289] 101 2289] 100 100 toi] 7e1 002 791 17338 62| 1o 63 110 2308]  1.40] 27.00
Vapor Fraction 000 _1.00] 000 000 000 _0.00] _1.00 100 _1.00] 100 100 _0.00] 089 000 100 100 100 100 100 _ 10| _ too| _ 100
Volume Flow™ (m/sec) |__001] _002] 0| o o o 05 012| ouss] 4084 1742 ooi] as216] o o003 106 2307] 3s8] 1573  o022]  ass| oo
Mole Flow™ (xmolihr) | 69.40| 6767 3178] 3178| 7.88] 3788 6996 30475 2863] 2863 2522 1709] 1709] 1709 1709 3162  a508] 38|  2504] 73420] 73420 73420
Mass Flow {tonnes/day) | 330.42| _40.83] 87.12] _87.12| 205.86] 205.8] _ 3.38 167.90] 1955 _1955] 1746 74010 740.10] 740.10] 74010 2198] 2313 2313 1744] 569.18] 560.18] 569.18
H20 ool o o o o o o of Tee2s] 189.23] o 74010 740.10 740.10] 74010 0 0 0 0 0 0 0
o of o o o o o o gal o o o o o o 0 0 0 0 0 0 0 0
H2 o o o o[ o o 33 o7l o ol o o o o o 0 0 0 0 0 0 0
C02 o o o o o o o 25.33] a1835] 31835 o 0o o o 0 0 0 0 0 0 0
02 o o o o o o o of soso| soso] 4078l o o o[ o 506.87] 53565 53565 o] 53565 53565 5365
N2 o o o o o o o of 1336 1ase] 133 o 0o o] 0 i661| _ i748] _ 1748] _ 1744] _ 391 _ 391 _ 301
AR o o o o o o o 3086 2086 3086 o 0o o o 0 2820 2971 2971|010 2961 2061 2961
CHe o tise o ol o o o 22l o o o o o o o 0 0 0 0 0 0 0
C2re o o o o o o o il o o o o o o 4 0 0 0 0 0 0 0
Cona o o o o o o o 008 o o o o o o o 0 0 0 0 0 0 0
Corie o o o o o o o 29 0 o o o o o o 0 0 0 0 0 0 0
c3 o e ol o o o o a7 o o o o o o o 0 0 0 0 0 0 0
ca o o o o o o o 3 o ol o o o o o 0 0 0 0 0 0 0
Hes o o o o o o o of o o o o o o o 0 0 0 0 0 0 0
NH3 o o o o o o o o2l o o o o o o o 0 0 0 0 0 0 0
TAR o o o o o o o o o o o o o o 0 0 0 0 0 0 0
SULFUR o o o o o o o of o o o o o o o 0 0 0 0 0 0 0
CARBON o o o o o o o of o o o o o o o 0 0 0 0 0 0 0
STEAM o o o o o o o of o o o o o o o 0 0 0 0 0 0 0
502 o o o o o o o of o o o o o o o 0 0 0 0 0 0 0
NO? o o o o o o o of _oos] o0s] o o o o o 0 0 0 0 0 0 0
MEA o o o o o o o of o o o o o o o 0 0 0 0 0 0 0
AR o o o o o o o of o o o o o o o 0 0 0 0 0 0 0
WAXES 346l o o o o o o of o o o o o o o 0 0 0 0 0 0 0
Cs ol o o o o o o o8 o o o o o o o 0 0 0 0 0 0 0
C6 28 o o o o o o o1l o o o o o o o 0 0 0 0 0 0 0
7 1353 o o o o o o ool o o o o o o o 0 0 0 0 0 0 0
c8 1388 o eri2| 712l o o 0 00l o o o o o o o 0 0 0 0 0 0 0
Co 1395 o o o o o o oo o ol o o o o o 0 0 0 0 0 0 0
Ci0 1398 o o o o o o oo o ol o o o o o 0 0 0 0 0 0 0
ot 138 o 0o o o o o oo o o o o o o o 0 0 0 0 0 0 0
ci2 35 o 0o o o o o o0l o o o o o o o 0 0 0 0 0 0 0
ci3 30 o o o o o o ool o o o o o o o 0 0 0 0 0 0 0
cia 257 o o o o o o 00l o ol o o o o o 0 0 0 0 0 0 0
Ci5 193 o o o o o o 00 o ol o o o o o 0 0 0 0 0 0 0
Cl6 1148] o] 0| 0] 20586] 20586] 0 o0 o o o o o o o 0 0 0 0 0 0 0
ci7 3] o o o o o o o o o o o o o o 0 0 0 0 0 0 0
Ci8 085 o o o o o o of o o o o o o o 0 0 0 0 0 0 0
Ci9 03] o o o o o o of o o o o o o o 0 0 0 0 0 0 0
C20 ss6l o ol o o o o of o o o o o o o 0 0 0 0 0 0 0
BIOMASS oo o o o o o of o o o o o o o 0 0 0 0 0 0 0
ASH o o o o o o o of o o o o o o o 0 0 0 0 0 0 0
CHAR o o o o o o o of o o o o o o o 0 0 0 0 0 0 0

**Volumetric and Mole flow values do not include biomass, ash, or char
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